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Introduction

Universities have traditionally aimed to instill in their students the ability to interpret information as well 
as the joy of learning. However, today’s universities are challenged with the need to also incorporate 
technological advances without forsaking the solid principles at their foundation.

Furthermore, modern society’s demand for a university-educated workforce is increasing, while the de-
mand for unskilled jobs is decreasing. Universities now face the challenge of training many students with 
vast diff erences in background, previous knowledge, and study motivation.

Supporting student learning with digital resources 
A huge amount of digital resources is now available for administrative as well as pedagogical support 
and enhancement in higher education. Today’s students, who were born in the 2000s, now expect mod-
ern universities to provide an appropriate digital infrastructure for teaching and learning.

Medical education must adapt to many new and diff erent healthcare contexts, including digitalized 
healthcare systems and digital-generation students in a hyper-connected world. Educational design 
needs to be adapted to the target learners, setting, and available resources. While the use of technology 
was already widespread in medical education, the Covid-19 pandemic accelerated the need for more 
fl exible, personalized, and collaborative learning.
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For this reason, educators and lecturers are expected to eff ectively incorporate digital tools into their 
teaching. Simply being an expert in a certain academic fi eld is no longer suffi  cient. Today’s lecturers 
need both pedagogical competence in order to help as many students as possible pass exams, as 
well as adeptness in the use of digital resources. This competence is referred to as technological, 
pedagogical, and content knowledge (TPACK). In order to achieve this goal, we must abolish (or at 
least adapt) some old-fashioned teaching methods, including chalkboards, practice groups, and lec-
ture-based lessons.

The traditional format of the lecture may be enriched using live streaming or be made available on de-
mand. Digital tools may be used to add interactive components to traditional lectures. 

In the fi rst chapters of this e-book, Liapi provides an overview of the technological tools available to 
modern teachers, such as multimedia approaches, simulation, gamifi cation, artifi cial intelligence appli-
cation, and virtual learning environments and augmented reality.

As discussed by Riggio and Durante, in-person traditional lectures may be enhanced by the availabil-
ity of online resources (e.g., e-books, videos, podcasts) before the lecture, that may be transformed 
in a series of active learning, student-centered activities (the so-called fl ipped classroom). Digitaliza-
tion further promotes interaction, thus boosting exchanges and educational collaboration between 
disciplines, professions, and universities worldwide. The Covid pandemic forced many courses to be 
moved online only and the experience of language teaching is explored by Markovina and Krasilniko-
va, looking at the experience of both students and teachers regarding tools, expectations, advantag-
es, and limitations.

Another example of digital interaction is the modernization of the anatomical theater teaching tool. Tue-
bingens’ Sectio chirurgica is a free interactive lecture produced by the Department of Anatomy at Tübin-
gen University, which is targeted to both students and professionals. Surgeries are broadcast live via 
the internet. Surgeons of diff erent disciplines explain and perform various procedures on anatomical 
specimens with the aim of applying anatomical knowledge to a clinical context while demonstrating the 
importance of theoretical knowledge. One of Sectio chirurgica’s most important features is viewer in-
teraction. Viewers are invited to contribute to the live stream by chat, by completing a quiz, via “second 
stream screens” or by contacting the dedicated hotline. Viewers actively infl uence surgical activity by 
digital means, thus representing a digital reinvention of traditional teaching methods (“chalk and talk”) 
still practiced at universities today. However, as compared to a traditional lecture, Sectio chirurgica has 
proven to be more easily understandable and entertaining. It also transmits the same anatomical knowl-
edge and more clinical insights. It is discussed in detail by Shiozawa and Hirt.
 
Digital instruments have the general aim to simplify the application of active learning. Research has shown 
that active learning, supported by eff ective use of pedagogical digital resources, can both improve student 
results and support inclusiveness. The fl ipped classroom, active learning classroom (also in combination 
with the traditional classroom), problem-based learning (PBL), student response systems, and digital exams 
are some examples of common resources/methods that may benefi t from digital support.
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In particular, PBL, a constructive, self-directed, collaborative, and contextual learning method, has been 
shown to be eff ective when students are on campus and study full-time, but entirely online courses 
may be provided for master-level courses or adult learners who are working professionals. Many online 
courses resort to a teacher-led traditional design. However, while there is no one-size-fi ts-all solution for 
student-centered online learning, successful examples include small-scale blended courses with syn-
chronous online discussions, middle-scale fully online courses with individual project work and no syn-
chronous communication, and large-scale massive open online courses (MOOCs) based on PBL princi-
ples. Verstegen and De Nooijer report three examples of these diff erent-scale courses, along with their 
actual application and results. 

Virtual reality and virtual fl ipped classroom may be applied successfully both in pre-clinical and clinical 
teaching. Cytometry and cell culture basics may be delivered using a virtual reality environment (which 
also reduces costs and plastic waste), both for students and for professionals needing continuing pro-
fessional development (as reported by Baus and colleagues in their chapter).

On the other hand, clinical training may be particularly benefi tted by the application of new technologies. 
As reported by Pecoraro and colleagues, artifi cial intelligence is able to improve the teaching of radiolo-
gy (providing diagnostic clues on real CT and MRI scans, suggesting anatomical segmentation, reporting 
discrepancies and inter-observer variability among trainees).

Simulation is useful for the initial training of clinical abilities as well as for the maintenance of life-
long professional competence throughout one’s career. Medical simulation can use equipment (e.g., 
high-fi delity mannequins), virtual reality (serious games), or standardized patients. In recent years, 
technological progress has made simulation-based teaching one of the most appealing educational 
resources. As discussed by Lubrano, Bloise and Bertazzoni, simulation provides a safe environment 
for emergency medicine training (the fi rst time is never on the patient), and off ers proactive, con-
trolled, reproducible, and standardized training based on feedback and debriefi ng. The human impact 
brought by teachers and coordinators is needed to create real medical histories to immerse learners in 
the simulation scenario. A skilled instructor should guide the scenario and evaluate performance. This 
educational technique has several advantages: it allows learners to play an active role, its use of de-
briefi ng stimulates cognitive eff orts, and it promotes the learning of correct clinical case management 
in the long term. Simulation in teams also allows students to develop team-working skills, practice 
leadership roles, and optimize group dynamics in order to achieve the best possible outcome, thus 
also eff ectively practicing multitasking. 

Furthermore, simulation training can also be a major factor in reducing work stress. Simulation may also 
be enhanced by team-based competition, which promotes the natural instinct of teams to excel, and 
may motivate students to study and prepare harder before the competition. A team-based competition 
organized by Sapienza showed a marked improvement in standard of care and technical knowledge 
over time. This was due to the sharing of knowledge between students who had participated in previous 
editions and their younger colleagues.
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Teaching humanities
The decision to pursue medical studies is often infl uenced by humanitarian considerations that are formulat-
ed in moral terms (e.g., duty of helping others). Digitization may help shape and enhance the moral intuitions 
and judgments of medical students. Critics maintain that online education cannot be compared to the instant 
feedback and sense of community provided by face-to-face courses, and that the use of simulation reduces 
human interaction. Medical education in the digital era will pose important challenges in building empathy 
in medical practice. McFarland proposes to restore the role of the humanities in the medical curriculum, also 
proposing why and how. Socaciu and Gibea explain how the issue of ethics may be addressed using new 
technologies: students may be immerged in clinical scenarios posing ethical dilemmas, applying some of the 
tools we have already discussed, such as virtual reality, group activities, and gamifi cation.

Finally, the organization of clinical learning activities may also be updated, as shown by the experience 
of Operemos, a managing platform explained by Guadalajara, Esteban, Lopez-Fernandez and García-Ol-
mo. Even mobility programs may be rethought and reorganized to include a preparatory online session 
and a shorter time in person, as proposed by Calés Bourdet. The publisher’s role must also undergo 
a complete rebuild. As medical publishers, Allison and Grillo discuss the evolution of the e-book from 
1971 to date. To support case-based learning and problem-based learning, content also needs to be re-
freshed. Students now need to engage with the content, with video and audio support, and to receive 
instant feedback on activities. The McGraw Hill approach is detailed in the last chapter of this book.

Principles of modern medical education
Innovative medical education curricula may be developed according to the following principles:

⊲ Interactivity. Active learning implies a shift from a teacher-centered class to a student-centered 
approach that will increase curiosity, boost engagement, and lead to better learning and compre-
hension. Educational technology should promote interactivity in all teaching settings.

⊲ Bidirectionality. Students should be allowed to apply their knowledge to challenging problems in 
a setting that promotes collaboration with peers and continuous bidirectional feedback between 
educators and students and peer to peer.

⊲ Blendedness. New technologies should be integrated with traditional methods. Online lectures, 
VPs, and online games must integrate traditional lectures, bedside teaching, and group simulations 
in a comprehensive curriculum.

⊲ Transnationality. Since web-based platforms allow for international cooperation, medical curricula 
should be transnational and promote contributions from diff erent universities. This would enable homo-
geneity of training across European countries. It will also improve understanding of cultural diversity. 

⊲ Up-to-dateness. The ability to record and broadcast lectures that learners may attend from their 
own home at their chosen time should not encourage material recycling from year to year. Materi-
als should be accurately checked for up-to-dateness and refreshed continuously.
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1  Innovation in medical education: benefi ts and 
limitations

Since the 1990s, technology1 has been gradually implemented into medical education, and has generat-
ed a wealth of innovative approaches to pre-clinical and clinical medical training through the adoption of 
asynchronous learning, simulation, game-based instruction, and even the use of social media as a mode 
of collaborative and peer-to-peer learning (Tudor Car et al. 2019). The benefi ts of technology-enhanced 
learning have been widely appreciated over the last year due to the Covid-19 pandemic, which saw 
e-learning become the major component of academic medical education (Rajab et al. 2020). 

In the last quarter of the 20th century we experienced an explosion of information in medical sciences 
in relation to advances in information technology that enables faster, more reliable and more compre-
hensive data collection. Αt the same time, an increasing amount of irrelevant information has become a 
limiting factor, leading to a growing gap between medical knowledge on the one hand, and the ability of 
doctors to follow the evolution of information on the other. The current explosion in health technology 
procedures, tools and techniques has improved healthcare in the simplest and the most eff ective ways: 
an artifi cial pancreas (Boughton and Hovorka 2020), a glucose monitor built in to smartphone cases 
(Yang et al. 2020), the mySugr program (Debong et al. 2019) allowing for customized digital population 
health, artifi cial narrow intelligence (ANI) in surgery (Namikawa et al. 2020), a cloud-based deep learning 
algorithm for cardiac imaging (El-Askary et al. 2017), and a digital ingestion tracking system to measure 
drug adherence (Van Biesen et al. 2019), are just some examples of the digitalization of health.

Innovation has become an extremely important part of the healthcare landscape, and permeates many 
areas of clinical medicine. To respond to these challenges, students must be prepared for the Medicine 

1 The term “technology” is of Greek origin (τεχνολογία) deriving from the words “τέχνη” and “λόγος”; “τέχνη” means a skill and “λόγος” 
implies a science. Thus, “technology” refers to the applied knowledge or the applied science.
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of the Digital Era and aware of the new technologies that are being introduced (i.e., simulation, virtual 
worlds, game-based instruction, social media use). It should also be taken into account, however, that 
healthcare and medicine are fundamentally diff erent from physical sciences and that the practice of 
medicine is complex.

Apart from the evolution of medical information and research, education itself drives the need for re-
newal and changes to the curriculum (Han et al. 2019); according to the NMC Horizon Report (2016), the 
current generation of students must have various skill sets (i.e., digital literacy, complex thinking, creativ-
ity) to be successful. Thus, in medical schools, in addition to formal knowledge and clinical experience, 
the integration of innovation strategies is necessary to prepare students for the growing complexity of 
medical practice; these strategies are consistent with emerging needs in the fi eld and, including inter-
disciplinary learning experiences, will allow students to develop multi-institutional expertise on the best 
processes and best practices (Bullard et al. 2019).

Medical educators must encourage student inquiry, feed their curiosity, and deepen their understanding 
of scientifi c concepts (Dyche and Epstein 2011). At the same time, they must be equipped with the nec-
essary knowledge, skills, and attitudes that will enable them to adopt creative approaches in identifying 
innovative solutions to complex issues in medical education. Medical educators should consider new 
media suited to training students in the modern healthcare settings of the digital era and permit students 
to practice in real-world situations (e.g., using computer simulation that allows the student to try out dif-
ferent strategies) (Lateef 2010). Thus, towards a learner-centered approach (Cullen et al. 2019), it makes 
sense to consider involving students in the selection and design of tools to stimulate their interest in 
solving complex healthcare problems.

But what does “innovation” really mean? It is diffi  cult to defi ne since innovation is not a positive perfor-
mance in itself. One possible defi nition is “the application of selected new key practices in education 
that will lead to an overall improvement.” For example, in a 2018 survey on innovation in medical educa-
tion methods, involving students at Concordia University’s Portland College of Education (https://resil-
ienteducator.com/classroom-resources/educational-innovations-roundup/), the following aspects were 
highlighted:

⊲ Finding any way you can to reach all of your students, by being willing and fl exible to adjust what 
you teach and how you teach;

⊲ Stepping outside of the box, challenging our methods and strategies in order to support the suc-
cess of all students as well as ourselves;

⊲ Keeping yourself educated about new trends and technology in education and being creative 
with the resources you are given;

⊲ Allowing imagination to fl ourish and not be afraid to try new things; sometimes these new things 
fail but it’s awesome when they are a success; without the right attitude, innovation would just be 
a word and the art of education would miss out on some great accomplishments.
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Technological innovations for teaching and learning in higher education provision that aim to promote the 
practice of skill development and optimize educational experience are classifi ed into four main groups: 
(i) systems based on computer support for the learning of basic medical sciences; (ii) computer simula-
tion systems for training and testing of clinical competency; (iii) systems-based computer consulting; and 
(iv) systems based on computers for data management and quality assurance.

Although the benefi ts of technology cannot be denied, and constitute a challenge in the education of 
medical students, there are also limitations in their use. Thus, the benefi ts and limitations of some impor-
tant technological innovations applied in education will now briefl y be discussed.

1.1  Digital teaching aids and multimedia 
A wide range of digital technologies is reported in relation to their use for teaching allied health profes-
sionals. The technologies that are most frequently related to practice-based learning are the following: 
(i) video-based lectures enabling trainees to harness repetition, self-paced practice, and active learning 
(Dominguez et al. 2018; Liu et al. 2019); (ii) mobile devices enabling the collection of data related to ex-
perience/accommodation of the numerous demands of the highly mobile clinician and trainee;2 (iii) au-
dio response systems that off er an innovative approach to teaching and learning, which shows positive 
acceptance and increased attentiveness (Beaumont et al. 2017; Hussain and Wilby 2019). These tools 
stimulate more active learning in the classroom, facilitate student in-classroom participation, encourage 
group problem solving, and enhanced engagement and enjoyment of the lecture experience. However, 
results in terms of long-term knowledge retention and learning outcomes are weak or equivocal (Atlantis 
and Cheema 2015).

1.2  Simulation
Simulation3 has recently been incorporated in medical schools, with simulation-based education a rap-
idly developing discipline that can provide a safe and eff ective learning environment for students, lead 
to improvements in understanding of the basic concepts of medical sciences (e.g., pharmacology, phys-
iology), improvement in medical knowledge, familiarity with procedures, improvements in performance 
and clinical skills during retesting in simulated scenarios (diagnosis, treatment, resuscitation, etc.), and a 
reduction in medical errors, benefi tting patient safety (Khan et al. 2011, McCoy et al. 2017).

2 Smartphone and mobile device applications off er trainees the ability to multitask, instantly refreshing knowledge on diagnoses, medical 
management, patient health information, medical calculations, accessibility to the most contemporary clinical literature, faster clinical 
communication and subsequent response times to patients’ needs, continued medical education, and error prevention. However, the 
possibility of malware risks, potential privacy breaches, and erroneous information in searches cannot be excluded. Furthermore, train-
ees express concern about smartphone usage appearing disrespectful to patients, other attendees, and co-workers (Latif 2019). Cell 
phones in particular seem to be a big hindrance to learning in class, even for those using them for note taking, and according to recent 
studies students that multitask or are distracted by multitaskers performed worse on exams (students on their phones caught 62% less of 
the information given in class than their peers using pen and paper); no current studies exist regarding mobile devices improving actual 
patient outcomes (Kuznekoff  and Titsworth 2013).

3 Simulation is derived from the Latin word simulare, which means “to copy” (Sinha et al. 2009).
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Simulation began with the fi rst life-size mannequin pelvis for midwives training in childbirth in the 9th 
century, developing right up to the late 1990s and early 2000s, where versatile human-patient simula-
tors were introduced and eventually a high-fi delity simulator “patient” who talks, breathes, blinks, and 
moves like a real patient. Simulation leads to a reduction in teaching time, coupled with an improvement 
in speed of knowledge uptake, but is also helpful in cases of depleted resources (e.g., unavailability of 
animals for experimentation). Examples of simulation include: (i) SimMan as a tool for training and exam-
ination (Swamy et al. 2014; Liu et al. 2019); (ii) ventriloscope to assess clinical examination skills among 
undergraduate medical students (simulates auscultatory fi ndings) (Verma et al. 2011); (iii) simulation tech-
niques to teach intravenous catheter placement (McWilliams and Malecha 2017); (iv) three-dimensional 
tool for teaching human neuro-anatomy (Estevez et al. 2010); (v) audience response systems to evaluate 
performance and digital tools used in combination with simulation (Hussain and Wilby 2019); (vi) teles-
imulation as an innovative tool for teaching intraosseous insertion techniques in developing countries 
(Mikrogianakis et al. 2011); and (vii) a web-based learning program combined with simulation for critical 
care ultrasonography (Sekiguchi et al. 2013).

Patient safety constitutes a major reason for using medical simulation in order to avoid harm caused 
by inexperienced trainees, and ethical concerns (e.g., circumventing the need for patient consent and 
confi dentiality) (Sørensen et al. 2017). A high-fi delity simulator patient provides a better teaching mo-
dality as a blended learning approach for certain tasks, while simulation off ers an ideal tool for assess-
ment and evaluation of the clinical skills of students, and the possibility of retraining boosts student 
confi dence.

However, the limitations of simulation also need to be recognized. Among others, these include in-
complete mimicking of the human system (which is very complex), defective learning (physical signs 
are missing, omission of safety procedures, patient consent, etc.), the cost factor (initial purchase and 
ongoing maintenance costs), time factor, lack of infrastructure, technical diffi  culties and lack of full-time 
staff  (Qayumi et al. 2014). Although there is no evidence to support the notion that simulation-based 
learning helps to produce better doctors than traditional teaching methods (Bradley and Bligh 2005), 
residents trained on simulators were more likely to adhere to the advanced cardiac life support protocol 
than those who had received standard training for cardiac arrest patients, and residents trained using 
laparoscopic surgery simulators showed improvement in procedural performance in the operating room 
(Okuda et al. 2009). Hence, future studies should help in elucidating the utility and value of simulation 
in medical education, and in assessing the eff ects of simulation teaching on patient outcome rather than 
just assessing short-term goals like acquisition of knowledge, skills, and student satisfaction (Okuda et 
al. 2009; Sørensen et al. 2017).

1.3  Virtual learning environments and augmented reality
Virtual reality (VR) is a modern technology that creates a simulation environment. It enhances the user ex-
perience by convincing the human brain that it is in a diff erent environment (Riva et al. 2019). VR is useful 
in, among others, distance learning, special education, training students to perfect their skills in handling 
patients in diff erent environments, and it has been used by universities as a way of disseminating informa-
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tion about a campus to prospective students before they enroll. Examples include: (i) virtual reality-based 
training system to teach about spinal anesthesia (Lövquist et al. 2012); (ii) computer programs to strengthen 
knowledge related to anatomy (digital cadaver) (Darras et al. 2019); and (iii) virtual patients for the online 
interactive approach to medical education (Cendan and Lok 2012; Baumann-Birkbeck et al. 2017).

A virtual fi eld trip (VFT), used as a stand-alone activity, off ers a guided exploration through the World 
Wide Web that organizes a collection of pre-screened, thematically based web pages into a structured 
online learning experience. VFTs have been shown to enthuse and excite students, encouraging and 
supporting the development of a collaborative environment in which both teacher and students take 
responsibility for the learning that takes place. However, VFTs are less benefi cial than real-world expe-
rience and learning opportunities are downgraded if interaction with the real world is limited (Robinson 
et al. 2009). Moreover, one cannot neglect the fact that VR, in a sense, undermines human interaction, 
lacks the fl exibility off ered by live teacher–student collaboration, and calls for high expenditures that 
only a few can aff ord, thus exacerbating educational inequalities rather than erasing them.

Augmented reality (AR) is a technology that superimposes a computer-generated image onto a user’s 
view of the real world, thus providing a composite view. In an era of collaboration and sub-specialization, 
AR, in the future, may provide a much needed contribution to educational advancement. AR is used to 
evaluate dynamic anatomy in real time through the use of digital ultrasound; it allows visualization of 
structures and blood fl ow that can enhance the performance of invasive procedures; it can supplement 
anatomy education by superimposing radiological (CT or MRI) images on to a body and by creating a 
direct view of spatial anatomy for the learner; furthermore, with the complementary use of haptic tech-
nology, it provides the user with tactile feedback that aids appreciation of the consistency of diff erent 
tissue components (Kim et al. 2017).

Overall, this represents an exciting area for VR and AR development in anatomical education. The tradi-
tional method usually involves use of an anatomical atlas, time spent in the dissection room, and fi xed 
prosections, while AR and VR deliver a better appreciation of structures in virtual or real space (e.g., 
Microsoft Kinect produces an interactive digital mirror that visualizes the structures/musculature, super-
imposed on the user’s own arm); Dassault Systèmes and Anatomage Table are typical examples that 
allow clinical scientists to immerse themselves in the patient’s anatomy; however anatomic dissection 
and prosection remain the best and most realistic 3D experiences, while all other systems are comple-
mentary methods in the study of anatomy.

AR plays an important role in image-based augmentation of the surgical environment; virtual interactive 
presence and augmented reality (VIPAR) has developed a support solution that allows remote surgeons 
to project their hands into the display of another surgeon wearing a headset (Shenai et al. 2011). In fact, 
according to the Lancet Commission on Global Surgery, 5 billion people do not have access to safe, af-
fordable surgery (Alkire et al. 2015). In addition, live operations using AR have been broadcast to a global 
community, with feasibility demonstrated for basic procedures both in Paraguay and Brazil (Khor et al. 
2016). Proximie (a collaborative platform) allows surgeons to visualize real-time or recorded operations 
being performed by experts in other parts of the world (El-Asmar et al. 2021).
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Although AR and VR appear to be powerful tools, and the literature reveals their versatile emerging ap-
plications in medicine, they also give rise to new challenges (Yeung et al. 2021). Furthermore, the limita-
tions of AR, which include (i) the need for increasingly powerful microcomputers to drive AR, (ii) devices 
that must be a natural extension of the surgeon’s senses (light, mobile, comfortable and functional for 
potentially long periods of time), and (iii) ethical concerns and legal pitfalls or issues (e.g., electronic pa-
tient records, confi dentiality and data management), are some of the factors that could be a major hurdle 
in the integration of this new technology in education (Khor et al. 2016). 

1.4  Cloud technology
Cloud technology is probably the future of technology in education since it hosts apps and services on 
the internet instead of a user’s computer, enabling information to be stored, shared, and accessed on 
any device connected to the internet (Mell and Grance 2011). In education, the cloud is used to store and 
share digital textbooks, lesson plans, videos, and assignments, giving students the opportunity to have 
easy access with their instructors and other classmates through live chat options; it enables “fl ipped 
classrooms” (where students can watch a lecture before class and then spend the class time engaged 
in discussion), group work, and analytical activities (Liu et al. 2015); it reduces the chances of homework 
getting lost between school and home. A major limitation to full adoption of the cloud—apart from in-
adequate access to the internet—is security, however almost every network in the cloud has a security 
system in place to protect its information (Liu et al. 2015).

1.5  Gamifi cation
Over the past 20 years “gamifi ed training platforms” for both pre-clinical and clinical medical education 
have been developed (Kron et al. 2010, McCoy et al. 2016). The use of gaming in the classroom aims to 
bring together the fun part of play with the content and concepts that students must learn; gamifi cation 
increases student engagement, creates enthusiasm for the lesson, provides immediate feedback, and 
in general students learn better when they are having fun (Hamari et al. 2014). However, not every fun 
game is eff ective at teaching a given concept, not every concept is fun, and it takes time and training to 
learn how to use games eff ectively for learning (Gentry et al. 2019). 

1.6 Artifi cial intelligence
Artifi cial intelligence (AI) is all about creating machines that can think like humans; it is making its way 
in to the educational sphere by means of automating grading and feedback, and providing person-
alized learning opportunities. It can save teachers time by doing the grading and giving feedback on 
their behalf, and by providing greater insight into a student’s learning patterns. On the other hand, 
teachers can learn a lot about a student’s learning patterns by doing the grading themselves, while the 
personal element of care, when a teacher gives personalized feedback (rather than letting a machine 
generate it), should not be underestimated. Despite the fact that AI algorithms are more cost-effi  cient 
than conventional methods, awareness is rising among health experts and managers as to the par-
ticular disadvantages of utilizing these technologies; after all, personal involvement and interaction 
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between doctor and patient are of great importance in building trust and successful treatment (Dav-
enport and Kalakota 2019). Although the impressive results of AI cannot be disregarded, apart from 
increasing concerns about the ethical and medico-legal impact, clinical safety questions must be con-
sidered (Challen 2019).

1.7 Problem-based learning
Problem-based learning (PBL) in medical education has been characterized as the most signifi cant educa-
tional innovation of the past 35 years (Lim 2012). It is defi ned as “an instructional (and curricular) learning, 
student-centered approach, that empowers learners to conduct research and students to develop a col-
laborative spirit.” PBL is a peer tutoring activity and a very eff ective learning technique by which students 
undergo brainstorming, and integrate and retain theory and practice in the application of knowledge and 
skills, to develop a viable solution to a defi ned problem. It instills many diff erent kinds of skills, such as prob-
lem solving and argumentation rules. A limitation of the method is that student contact hours are four times 
greater for educators in a PBL curriculum than for educators in a traditional curriculum, thus the economic 
viability of problem-based learning is a major concern (Hoidn and Kärkkäinen 2014).

The implementation of evidence-based medicine (EBM), which as a concept developed from PBL, is 
rightly considered a revolution compared with classical empirical medical practice. Recent technolog-
ical, scientifi c, and social developments are likely to transform EBM into precision medicine (König et 
al. 2017). The high-resolution, high-throughput data-generating technologies that continue to emerge 
facilitate the cost-eff ective generation of huge datasets (Cirilo and Valencia 2019), sophisticated new 
algorithms and methodologies, and high-capacity computation facilities, giving rise to medicine-based 
evidence (MBE). MBE is able to build and archive profi les that emerge from all known types of studies 
and data sources (Knottnerus and Dinant 1997).

1.8 A matter of perspective: what kind of medical education do we seek to 
deliver?

Appreciating the miracles of technology is one thing, making appropriate use of them is another. A 
key component of contemporary innovation in medical education is undoubtedly delivered via tech-
nology, but the educator still has to play the key role of deciding how to use it appropriately in order 
to enhance medical students’ critical thinking and problem-solving skills, and not to substitute him/
herself as a teacher. In view of this fact, the question is, “What kind of medical education do we seek 
to deliver?” In essence, this could be rephrased as, “What kind of doctors do we need?”

Technology already plays a huge role in delivering everyday healthcare, but it should be kept in mind that 
using it eff ectively should neither undermine the doctor–patient relationship (Chipidza et al. 2015) nor 
compromise the patient’s right to life-saving and cost-eff ective care. In this respect, although e-learning 
off ers immense opportunity for high-quality and universally standardized medical training, it will never 
be able to replace all aspects of real-life, experience-based learning gained with respect to the patient.
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1.9  Conclusion
Future physicians will undoubtedly benefi t from innovative, technologically enriched, blended medical 
training (Vallée et al. 2020); the latter will certainly prepare them for the clinical practice they will be 
called to deliver as professionals, and facilitate their adaptation to the dynamically evolving e-learning 
pathway they will have to follow throughout their postgraduate clinical training and CPD (Bloice et al. 
2014). However, certain aspects of technology-enhanced medical learning remain underexplored and 
require a systematic review in order to ensure that: (i) understanding of the value of effi  cient patient–
physician communication is not undermined (Alexandraki and Mooradian 2013); (ii) medical students 
are not deprived of the benefi ts of face-to-face instruction (Korman et al. 2019); and (iii) assessment 
of innovative approaches to medical education is undertaken more rigorously, with wider inclusion 
criteria and more learning outcome endpoints (Lewis et al. 2014). In this respect, now more than ev-
er, high-profi le medical schools should encourage interdisciplinary collaborative research toward the 
continuous development and rigorous assessment of innovative interventions in their curriculum.
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2  Teaching basic clinical skills to medical 
students in the classroom: the fl ipped model

Durante C.,† Riggio O.† 
†  Department of Translational and Precision Medicine, Sapienza University of Rome 

2.1 Achieving educational objectives through the use of diversifi ed 
methodologies

An educational objective is what the recipient of our pedagogical intervention should acquire and does 
not already possess. An educational goal is traditionally expressed by an action verb and by an object 
that may be contextualized. For example, at the end of the educational activity the learner should be able 
to diagnose (action verb) ulcerative colitis (object) in the video of an endoscopic examination (condition, 
context). Educational objectives fall into various fi elds of knowledge (cognitive objectives) and knowl-
edge of how to do (gestural objectives or skills) and how to be (communicative/relational objectives). 
List, describe, defi ne, interpret, and choose are examples of verbs for cognitive purposes; performing, 
practicing, administering, applying, regulating, and measuring describe gestural goals; inform, explain, 
make people think, encourage, reassure, and motivate are examples of verbs that can be used for com-
municative/relational objectives. Educational objectives are also characterized by levels of progressive 
complexity, the achievement of which makes it possible to pass from simple knowledge to competence, 
defi ned as the ability to use knowledge to solve problems and make decisions in an autonomous and 
responsible way. For example, fi rst-level cognitive objectives imply only the memorization of the topic, 
while higher levels require students to be able to interpret (second level) (e.g., laboratory investigations, 
symptoms) and make decisions (third level) (e.g., establishing a therapy after evaluating a set of clinical 
and instrumental data).

Once a specifi c educational goal has been identifi ed, the fi rst thing to ask is whether it is possible to 
verify its learning. This allows the quality of the objective itself to be evaluated. In practice, for each ed-
ucational objective, we must always ask ourselves:
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⊲ Can I make the student do what the verb expresses? How?

⊲ Can I observe what the student is doing? How? 

⊲ Can I measure the result of what the student has done? How?

If we are able to answer each of the above questions in the affi  rmative, the educational goal is likely to 
be of good quality.

It is clear that to achieve objectives of diff erent quality (cognitive, practical skills, and communicative/re-
lational skills) and complexity, it is not possible to use the same teaching method. Even remaining within 
the scope of the cognitive objectives, the achievement of higher-level skills may be a diffi  cult task for 
students. A decision-making objective can be achieved only through specifi c teaching methods, which 
diff er from those used to achieve cognitive objectives that involve simple memorization.

In summary, for a coherent educational intervention relevant to the needs of learners it is necessary to:

⊲ Identify the learning goals and formulate a list (program);

⊲ Evaluate the quality of each goal (type and level of complexity) and the possibility of verifying learning;

⊲ Evaluate the teaching methodology (lesson, small group work, tutorial activity, etc.) and the most 
suitable environment (classroom, department, teaching laboratory, etc.) to achieve each goal.

2.2  Notes on the practical application of learning theories and choice of 
educational environment

Andragogy, the discipline that studies individual adult learning, is based on fi ve assumptions (Misch 
2002). When adults learn:

1. They are independent and self-directed;

2. They have already accumulated a large amount of knowledge that can be used for further learning;

3. They tend to learn better when answering questions arising in the context of their daily experience;

4. They are more interested in problem-based, methodological approaches;

5. They are more motivated to learn as a result of internal rather than external stimuli.

On the basis of the aforementioned principles, adult learning takes place when learners have the op-
portunity to increase self-directed learning by identifying the limits of their knowledge and skills, asking 
questions, and refl ecting critically on the new information acquired and on their own learning process. 
The learning process is also guided by judgment of one’s abilities, which although this may be inaccurate 
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or infl uenced by psychological states or confrontation with colleagues, is generally reinforced positively by 
success and negatively by failure. Finally, the learning process is constructive. Once students have gained 
a signifi cant amount of knowledge, good learning takes place when this knowledge, recalled with appro-
priate stimuli, leads to a new and active elaboration through which experience and theory are linked. This 
is achieved when, following a stimulus, students refl ect (experiential learning) on   pre-existing theoretical 
knowledge and/or when students, starting from their knowledge, can program their new behaviors in rela-
tion to a potential future stimulus. In essence, students actively learn by processing information based on 
their actual knowledge. Actual knowledge infl uences (constructs) new learning. Accordingly, new knowl-
edge depends mainly on how pre-existing knowledge is processed in relation to the stimulus. 

Therefore, the role of teachers is not to transmit knowledge but to facilitate active student learning by 
promoting appropriate experiences to bridge the gap between theoretical knowledge and practice, and 
building new knowledge based on experience. In this regard, the meta-cognitive function of the teacher 
becomes paramount, and entails:

⊲ Encouraging the student to make hypotheses, refl ect, and make decisions; 

⊲ Stimulating, directing, and correcting students; 

⊲ Managing educational resources; 

⊲ Supporting, appreciating, advising, and serving as a reference for students.

Another relevant aspect is the so-called educational environment, i.e., the context that can make learn-
ing interesting, stimulating, and attractive for learners. In adult learning theories, the teacher’s ability to 
create an appropriate context is as important as the ability to convey knowledge and experience. Since 
teachers become a model for learners, their actions can result in appropriate educational messages.

The ability to establish positive feedback toward the learner is known to favor the learning process. 
Positive feedback is able to enhance progress by stimulating awareness. Positive reinforcements stim-
ulate learner involvement, and motivate learners to put their own responsibility and autonomy into play. 
Through positive criticism, learners refl ect on the objectives achieved and begin to plan the next steps 
in relation to the evaluation of their success or diffi  culty.

The fl ipped classroom described below is an example of an educational environment that aims to apply 
the aforementioned educational theory.

2.3  The fl ipped classroom model
Moving toward active learning strategies requires a shift in learning paradigms. This implies a deliberate 
shift from a teacher-centered to a student-centered approach, where in-class time is dedicated to exploring 
topics in greater depth, addressing the needs of individual students, and, most importantly, enabling more 
active and engaged learning. The fl ipped classroom model uses this approach (Figure 1).
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Students are introduced to content at home so that when they get to group learning spaces (i.e., classrooms) 
they can practice activities that force them to refl ect upon their knowledge and ideas, and how they can 
use their knowledge and ideas. This allows students to apply their knowledge to challenging problems in 
a setting that promotes collaboration with peers and feedback from educators. Direct learning takes place 
outside the classroom and moves into the individual learning space (e.g., at home, on the bus, in the library, 
at the park) with the help of several technologies. Digital tools allow students to access teaching resources 
whenever and wherever convenient. Pre-class preparatory resources usually include text-based resources 
(e.g., e-books and research articles) (Ramnanan and Pound 2017). However, to increase students’ curiosity 
and boost their engagement, they are frequently provided with electronic resources. These can range from 
slide presentations with accompanying narration to videos, podcasts, and educational games (Ramnanan 
and Pound 2017). Based on this educational pathway, the role of “fl ipped” teachers is more important than 
ever and, to some extent, more demanding than in a traditional class. In addition to selecting didactic ma-
terials that students should explore on their own outside of class, educators should:

⊲ Implement a variety of student-centered classrooms activities;

⊲ Observe, facilitate, and assess the application of these activities during class;

⊲ Provide students with feedback.

2.4  Medical student perception and impact on student learning
On the whole, evidence in the literature indicates that medical students perceive fl ipped classroom ac-
tivities as benefi cial to both knowledge and the learning process (Rotellar and Cain 2016; Ramnanan and 
Pound 2017). The main strengths reported in published surveys include an increased “motivation to learn” 
and an enhanced level of “engagement, investment, and interest” in the subject matter. Limitations were 

Figure 1. The fl ipped classroom model. The fl ipped learning pathway starts with pre-class preparation of students, who 
are asked to explore the didactic electronic resources selected by educators (left panel). Digital documents can be made 
available through computer, tablet, or smartphone. In-class time becomes available for teachers to implement a variety of 
student-centered, active learning strategies (right panel).
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mainly related to how the fl ipped classroom was conducted, rather than “inverted” learning itself. Students 
questioned the selection of content delivered through this approach, which they found was overly com-
plex for self-directed learning. They occasionally also found a mismatch between out-of-class and in-class 
activities, and reported some educator diffi  culties in keeping students engaged in the task and managing 
the discussion without dominating it.

While students mostly favored the “inverted” learning approach, current evidence has failed to demonstrate 
whether the fl ipped classroom actually improves medical student knowledge and learning. Confl icting results 
have emerged from published studies (e.g., Chen et al. 2017). Although these inconsistent fi ndings may arise 
from limitations in the study designs, special emphasis should be placed on the assessment tools used in 
these studies, which predominantly measured student achievement in terms of learning outcome rather than 
competence level. This is in confl ict with the Qualifi cations Framework of the European Higher Education 
Area, which defi nes the ordinary outcomes students should achieve after completing a curriculum of studies, 
known as the Dublin Descriptors (van Lankveld et al. 2020). These include the following components:

⊲ Knowledge and understanding;

⊲ Applying knowledge and understanding;

⊲ Making judgments;

⊲ Communication; 

⊲ Lifelong learning skills.

Active learning and student-centered teaching activities (including the fl ipped classroom) are expected 
to enhance these competences in undergraduate medical students. While waiting for high-quality, tai-
lored trials to address these learning outcome issues, a growing number of medical schools and teach-
ers are likely to adopt a fl ipped classroom approach.
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3  Teaching languages for medical purposes in times 
of the pandemic: transfer to a digital classroom

         

3.1  Introduction
The pandemic of 2020 transformed tertiary education practices all over the world and made education-
al institutions look closer at online teaching options. An overnight transition from traditional classroom 
face-to-face teaching to total online communication with the students involved a number of challenges in 
terms of the ability to use electronic devices, choosing an online platform, content delivery, assessment, 
shifts in role models, etc. However, it was even more of a challenge in the case of language teaching, 
which requires constant feedback on the student’s activity on the part of the teacher and on the part of 
the group.

The issue has already received a lot of attention from language teachers, ranging from reviews of on-
line training courses for teaching English online (Codreanu 2020), to the use of technologies by ESP 
practitioners in specifi c countries (Constantinou and Papadima-Sophocleous 2020), to suggestions for 
professional development (Constantinou and Papadima-Sophocleous 2020), to challenges of online lan-
guage learning (Krishnan et al. 2020), the eff ect of the developed blended learning model on learning 
outcomes (Syahri et al. 2020), motivation for online language learning (Prasangani 2020), and the atti-
tude of students to online language learning (Tamayo-Maggi and Cajas-Quishpe 2020).

The papers mentioned here cover a spectrum of attitudes to online teaching and learning, varying 
across the nations and probably from university to university, but the authors generally agree that: (i) 
online methodology and resources should be well integrated with traditional classroom learning to fi t 
students’ needs; (2) teachers need more training on using technology in teaching language for medi-
cal purposes.

Markovina I.,† Krasilnikova V.†

†  Institute of Linguistics and Intercultural Communication, Sechenov University, Moscow
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3.2  Setting
This article describes the experience of online foreign languages teaching at Sechenov University 
(Moscow, Russia), which lasted from April to December 2020.

Sechenov University has a long tradition of educating healthcare specialists in a variety of spheres, 
ranging from general medicine, nursing and dentistry to clinical psychology, pharmacy and related 
fi elds such as biotechnology, and so on. For any of its degree programs, foreign language is com-
pulsory and forms an integral part of training. It is aimed specifi cally at professional communication, 
in both oral and written form. Besides this, there is an additional educational program, Translation 
for Medical Purposes, for students, residents, and medical practitioners, which takes three and a half 
years and is aimed at the development of skills of professional communication in a foreign language, 
interpreting, and written translation. 

3.3  Aim
The research aims to obtain a clear and detailed picture of medical students’ and teachers’ attitudes 
toward online learning and teaching languages for medical purposes. The transfer to online classes oc-
curred overnight, revealing sensitive gaps in teachers’ competences and students’ readiness to study all 
subjects of the university curriculum online.

3.4  Materials and methods
The study mainly employed a quantitative methodology for gathering and analyzing data.

The tool used for the data collection was two separate online questionnaires, one for teachers and 
one for students, administered using Google Forms. Each questionnaire contained 11 open-ended 
questions compiled based on literature review and interviews with faculty members. The questions 
were worded diff erently for teachers and for students but aimed to obtain similar information. For de-
tails, see Appendix.

We surveyed students and teachers who participated in the Translation for Medical Purposes program 
in January 2021. The questionnaires were completed in Russian. By January 30 2021, 125 completed 
questionnaires had been returned (100 students and 25 teachers).

The questions were centered around the software used for online classes, including digital tools, the 
scope of classwork and homework, the suitability of online classes for the acquisition of communication 
skills, the advantages and limitations of online language classes, changes in students’ attitude to learn-
ing the language, conclusions about the feasibility of online learning of the language, and preferred 
course structure and mode of communication. Respondents were off ered several options to choose 
from and could also leave their own comments. 
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3.5  Results
The absolute leader among the applications, used for communication by 100% of students and teachers, 
was Zoom. As for optional applications tried a single time, students mentioned Google Meet and Skype 
(6% either), Yandex Telemost (3%), Google Hangouts and Google Classroom (1% each) (Figure 1). Teach-
ers admitted also using Moodle (20.8%), and MS Teams (4.2%) (Figure 2).

Figure 1. Applications and services: students. Figure 2. Applications and services: teachers. 

As for the digital tools used during an online lesson, students selected screen-sharing function 92%, 
chat room 70%, Google Classroom 68%, listening to recordings during the conference 67%, watching 
video during the conference 62%, breakout rooms 56%, using whiteboard 44%, and Google Documents 
38% (Figure 3). Identifying the least useful/never used tools, teachers gave the priority to whiteboards 
(45.8%), closely followed by breakout rooms and Google Classroom (41.7%); 12.5% said they had not 
played voice recordings or showed videos during the conference but in their comments added Kahoot! 
and Quizlet to the list (Figure 4).

Figure 3. Digital tools: students. Figure 4. Useless digital tools: teachers. 
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When asked about the changes in the amount of face-to-face online learning, more than half of the 
students believed that the number of oral (63%) and written (57%) assignments done in class remained 
unchanged as compared to offl  ine learning (Figure 5), and this was confi rmed by 75% of teachers, who 
also reported no changes (Figure 6). 

Figure 5. Face-to-face work: students. Figure 6. Face-to-face work: teachers. 

Much in the same way, more than half of the students reported no changes in the scope of oral or 
written homework (57% and 56%, respectively) (Figure 7). A total of 70.8% of teachers said the scope 
of oral homework assignments remained unchanged, 58.3% reported the unchanged scope of written 
assignments; 37.5% of teachers gave more written assignments than offl  ine, and 12.5% gave more oral 
assignments (Figure 8).

Figure 7. Homework: students. Figure 8. Homework: teachers.
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The skills more easily acquired online are ranged by the students the following way: fi rst comes active 
listening (36%), then writing (34%), speaking (23%), and reading (7%) (Figure 9). Teachers fi nd writing the 
most suitable skill to be taught online (33.3%), while next come speaking (25%), active listening (20.8%), 
and reading (20.8%) (Figure 10).

Figure 9. Skills: students. Figure 10. Skills: teachers.

Changes in attitudes toward learning after the online experience are described by the students in the 
following way: 64% admit they can manage their time better now, 46% feel more responsible as the 
result depends entirely on themselves, 27% feel less responsible as there is no immediate contact with 
the teacher, while only 6% feel that online classes keep them from managing their time properly (Figure 
11). The students also comment that learning became more comfortable as they could join the class from 
any spot with an internet connection, their attendance improved, they have less fear of speaking the 
foreign language. There is also an alarming comment, however, that “some teachers have started to be 
less responsible about marking the students’ papers.”

The teachers assess the changes in students’ attitude diff erently: 45.8% reported that without immedi-
ate contact with the teacher, the students show less responsibility, 25% admitted that attendance had 
improved, 20.8% stated that attendance had decreased, 20.8% felt the students became more respon-
sible, 8.3% reported no changes (Figure 12). Here are some quotations taken from the teachers’ com-
ments: “if there is no motivation and ability to learn the language technology won’t help”; “the students 
often get disconnected and say it is a technical problem but it is diffi  cult to say whether it is true or not”; 
“the students have more freedom for self-expression and enjoy more functionality to show the results of 
their eff ort and take part in groupwork”; “there are more opportunities on condition that the teacher is 
also motivated”; “the result depends entirely on the students.”

Figure 11. Attitude: students. Figure 12. Attitude: teachers.
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The most important advantage of learning/teaching the foreign language online is seen by both students 
and teachers as the opportunity to make a screenshot of the assignment and use it while preparing for the 
next lesson (78% and 62.5%, respectively) (Figures 13 and 14). The next valuable option, in the students’ 
opinion, is seeing immediately on the screen the corrections to their papers (46%). This is also valued by 
54.2% of the teachers. A total of 43% of students see as an advantage the opportunity to compare their 
own papers with the papers of other students (37.5% of teachers), 39% welcomed the opportunity to simul-
taneously edit the same document and see the alterations (37.5% of teachers), 35% see as an advantage 
the opportunity to record a part of a lesson or the whole lesson (62.5% of teachers), 34% the opportunity 
to learn the language with a native speaker, 19% value the opportunity of marking out the text for reading 
directly on the screen (37.5% of teachers), while 5% admitted that they had never done any of the above.

Figure 13. Advantages: students. Figure 14. Advantages: teachers.

Figure 15. Limitations: students.

Students’ comments on the advantages of online learning included: “I don’t have to waste time com-
muting”; “I can quickly make a summary of the lecture on my computer”; “I can join the class at any time 
whereas when I had to come to the lecture room I was always late and often missed classes.” 

As for the limitations of online learning and teaching, the students believe that the principal one is bad 
connection (42%); this is closely followed by inability to concentrate at home (37%) and having to con-
centrate more on the technical side of preparation (35%) (Figure 15). A total of 26% point out that it is 
rather diffi  cult to ask the teacher questions or ask for explanation, while 15% point out the inability of their 
counterparts to use digital tools properly and 5.1% believe a foreign language cannot be learned online. 
Among the comments, there were regrets that some teachers used free Zoom accounts, with all their 
limitations, but the majority of comments stated that the shortcomings could be overcome.
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The teachers also selected bad connection as the principal limitation in 62.5% of cases, while 54.2% saw 
as a limitation the need to think more about purely technical aspects of preparation, and 45.8% the need 
to think more about planning the lesson. A total of 33.3% found it diffi  cult to communicate with the stu-
dent, for instance it is diffi  cult to ask questions, and 4.2% mentioned the inability of some students to use 
digital tools (Figure 16). In their comments teachers mentioned that “it was diffi  cult to speak to people 
in the absence of immediate contact,” “we can never say if the students were completely honest while 
doing assignments,” and “there were no problems that couldn’t be settled.”

Figure 16. Limitations: teachers.

Figure 17. True statements: students.

When asked to select true statements about learning the foreign language online, 61% of students chose 
“learning the language online is naturally determined by the development of technology,” 55% “learning 
the foreign language online gives a lot of new exciting opportunities,” 35% “it is more diffi  cult to learn the 
foreign language online than offl  ine,” an almost equal number (33%) believe that “it is easier to learn the 
foreign language online than offl  ine,” and only 5% consider that “the foreign language cannot be learned 
online” (Figure 17).
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A total of 58.3% of the teachers admit that “to teach the foreign language online, I need more digital 
skills,” 41.7% are of the opinion that “teaching the language online is naturally determined by the devel-
opment of technology,” 41.7% agree that “teaching a foreign language online gives a lot of new exciting 
opportunities,” 37.5% believe that “to teach the foreign language online, I need more skills related [to] 
organization and methodological support,” 29.2% think “it is more diffi  cult to teach the foreign language 
online than offl  ine” (in contrast with the students’ opinion, not a single one says it is easier), and 25% 
identify with the idea that “the foreign language cannot be taught online” (Figure 18).

Figure 18. True statements: teachers.

Figure 19. New useful skills: teachers.

In the teachers’ questionnaire there was an additional question, not presented in the students’ ques-
tionnaire, about the skills they need to acquire to teach the foreign language online eff ectively. To this, 
37.5% responded “I do not need any new skills,” 8.3% mention proctoring, among single answers there is 
“being able to involve the whole group,” “a library of sample lessons,” “understanding more online plat-
forms,” “playing voice recordings in Zoom conferences,” “I’m ready to learn about new digital tools,” “to 
learn more about the functions of Zoom and Google Meet,” “we need a special seminar for all teachers,” 
“to get new skills related to my needs” (Figure 19).
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As the preferred mode of learning the foreign language 27% of the students choose MOOC + doing as-
signments in Google Classroom + learning online with a teacher; 22% preferred MOOC + doing assign-
ments in Google Classroom + learning offl  ine with a teacher; 20% preferred Google Classroom + learning 
online with a teacher; and 13.1% Google Classroom + learning offl  ine with a teacher. The options learning 
the language offl  ine with a teacher, learning the language online with a teacher, MOOC + learning the 
language online with a teacher were preferred by 5% of students each (Figure 20).

Figure 20. Preferred mode of learning: students.

Figure 21. Preferred mode of teaching: teachers.

As for the teachers, 54.2% preferred MOOC + assignments in Google Classroom + offl  ine group lesson, 
25% offl  ine group lesson, 8.3% assignments in Google Classroom + offl  ine group lesson, 8.3% MOOC + as-
signments in Google Classroom + online group lesson, and 4.2% MOOC + online group lesson (Figure 21).
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3.6  Discussion 
The questions off ered to the participants on the long-term online teaching/learning experience mainly 
covered three domains: academic content, venue, and attitudes of the participants to the experience.
 
In terms of academic content, the majority of the respondents agreed that there was not much change in 
the scope of work done in class or homework, either orally or in written form: 75% of teachers admit not 
giving more oral or written assignments online face to face than offl  ine and only 25% give either more 
oral or more written assignments. As for homework, 37.5% of teachers give more written home assign-
ments than offl  ine, and 12.5% give more oral assignments, with the students admitting getting most use 
from active listening, and the teachers feeling they are getting the best results in writing and speaking. 
In the majority of cases this implies adaptation of the existing content to the new form of presentation. 
On the part of the students, there is an expectation of multicomponent (blended) learning, with a strong 
preference (60%) for online learning. As for the teachers, there is also a strong conviction that more ver-
satile and authentic content is needed, but only about 12% are prepared to stay online.

The venue for face-to-face communication with the students was not the choice of the department but rath-
er dictated by the eff ects of the pandemic. Each teacher was free to choose any accessible online service 
to interact with their students. All chose Zoom (either the free or Pro plan) due to its wide functionality and 
user-friendly interface. The most widely used of digital tools was the screen-sharing function, but only a little 
over half of the students had an opportunity to listen to the voice performing recordings or watch the vid-
eo during the conference, though they value online classes mainly for their suitability for the acquisition of 
active listening skills. Likewise, only 70% of students used breakout rooms (indispensable online when role 
playing or performing any individual task in a small group). Online face-to-face communication was supple-
mented with Google Documents or Google Classroom as tools for assessing the written assignments.

The main diff erence between the two groups (students and teachers) is seen in their attitude toward 
online learning. The students generally feel more responsible for their own progress and better man-
agement of their time. In their comments they mainly stress the common comforts of online learning: not 
wasting time commuting, the ability to join the conference from home or from work, improved attend-
ance, not being afraid to speak the language. They see online learning as a new opportunity, although 
there is no common opinion as to whether it is easier or more diffi  cult to learn the foreign language 
online. The teachers, on the contrary, do not think online teaching an easier option, partly because they 
fi nd it diffi  cult to adapt to the lack of immediate contact with their students, feeling they are not in control 
of the situation, ready to be cheated. Though they understand that teaching online is a natural develop-
ment, that it should have been expected, that it gives new opportunities, they would still prefer to con-
tinue offl  ine. The majority of teachers feel the need for more skills to continue online teaching, but only 
two out of the 25 know exactly what they need (proctoring), others name the skills not directly related 
to online teaching (involving the whole group), are ready to use their colleagues’ experience rather than 
create their own (a library of sample online classes, a seminar for all teachers), name the skills they can 
easily acquire on their own exploring the interface (understanding more online platforms, playing voice 
recordings in Zoom conferences), or use a vague expression “skills related to my needs.”
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3.7  Conclusions
Since online teaching seems to have become a permanent component of the university educational 
process, we fi nd the data obtained in this survey both important and useful. Based on the data, we 
are designing professional development programs for the faculty that focus on particular digital skills 
mentioned by the survey participants. This will help to bridge the gaps that hinder online activities at 
language classes. Another idea is that some of the subjects of the Translation for Medical Purposes pro-
gram will be digitalized, as the students fi nd this form of learning more effi  cient. This is a clearly positive 
outcome of the changes brought about by the pandemic.

References
1. Codreanu, F. (2020) Teaching English online: from course to practice. ATN: Languages for Specifi c Purposes, 20(3), 

29–37.
2. Constantinou, E.K., and Papadima-Sophocleous, S. (2020) The use of digital technology in ESP: current practices and 

suggestions for ESP teacher education. Journal of Teaching English for Specifi c and Academic Purposes, 8(1), Special 
Issue, 17–29.

3. Krishnan, I.A., Ching, H.S., Ramalingam, S.J., Maruthai, E., Kandasamy, P., De Melo, G., Munian, S., and Lin, W.W. (2020) 
Challenges of learning English in 21st century: online vs. traditional during Covid-19. Malaysian Journal of Social Sciences 
and Humanities (MJSSH), 5(9), 1–15.

4. Prasangani, K.S.N. (2020) Motivation to learn English via online during novel Covid 19 period. GARI International Journal 
of Multidisciplinary Research, 6(2), 5–14.

5. Syahri, I., Siagian, S., and Simbolon, N. (2020) Learning model development blended learning English. Advances in Social 
Science, Education and Humanities Research, 488, Proceedings of the 5th Annual International Seminar on Transforma-
tive Education and Educational Leadership (AISTEEL 2020), 462–5.

6. Tamayo-Maggi, M.R., and Cajas-Quishpe, D.C. (2020) Students’ perceptions towards learning English online: an explora-
tory study at a language centre of an Ecuadorian university. Dominio de las Ciencias, 6(2), April–June, 659–75.



Innovative Medical Education in the Digital Era 33

Appendix
Questionnaires for teachers and students

Students Teachers

Which year are you in? Which skills do you need to acquire to eff ectively 
teach the foreign language online?

Which applications, web services or web-based 
platforms have you been using during the 
pandemic to learn the foreign language?

Which applications, web services or web-based 
platforms have you been using during the 
pandemic to teach the foreign language?

Which digital tools have you been using to learn 
the foreign language?

Which digital tools do you think useless/have 
never used while teaching the foreign language?

How did the scope of face-to-face work change 
after going online?

How did the scope of face-to-face work change 
after going online?

How has the scope of homework assignments 
changed after going online?

How did the scope of homework assignments 
changed after going online?

Which skills are more easily acquired online? Which skills is online teaching optimal for?

What are the advantages of learning a foreign 
language online?

What are the advantages of teaching a foreign 
language online?

How did your attitude toward learning change 
after online experience?

How did the attitude of the students to the classes 
change during online learning?

What are the limitations of learning a foreign 
language online?

What are the limitations of teaching a foreign 
language online?

Which statements about learning a foreign 
language online are true?

Which statements about learning a foreign 
language online are true?

In which mode would you prefer to learn the 
foreign language?

In which mode would you prefer to teach the 
foreign language?



4  Lecture 4.0: digital and interactive enhancement 
of a traditional teaching method

4.1  Introduction
The medical education landscape has been changing rapidly over the past 25 years. New technologies 
emerge, and new teaching formats claim equivalence to traditional courses, seminars, and lectures. New 
digital trends may also fall as fast as they arise. This chapter shall put a spotlight on the transformation—
not the revolution—of a long-established teaching method: the lecture.

4.2  Historical perspective
Lectures are the oldest and most traditional form of conveying knowledge at university, and are as old as 
the institution itself. The didactic format dates back to the time when books were handwritten and rare, 
and a knowledgeable professor would actually read from them (“to lecture”).1

Arguably, the format is even older, as in the Ancient Greek philosophical academies students would 
gather under the proverbial “olive tree”2 and listen to the scholarly disquisitions of their mentors.

The insight, that solely verbal facilitation may not be the only way, followed in the Middle Ages. An-
atomical dissections, for example, were also a visually (and probably olfactorily) enlightening experi-
ence for students (Figure 1).

1 As a reference, please see the image depicting Henry of Germany delivering a lecture to university students in Bologna, Italy, in the mid-
14th century: https://www.cabinet.ox.ac.uk/iv1-lectures#/media=3552. (Accessed November 29, 2021)

2 As a reference, please see image of the mosaic of Plato’s Academy, from the Villa of T. Siminius Stephanus in Pompeii, Italy: https://
upload.wikimedia.org/wikipedia/commons/4/48/Plato%27s_Academy_mosaic_from_Pompeii.jpg. (Accessed November 29, 2021)
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The modern age advanced the lecture format further. With the launch of television, distance education 
became possible (Hensley and Palmer 1975; Bates 1988). In the 1970s, the introduction of videotapes 
made lecture capture possible (Paegle et al. 1980). Other notable quantum leaps in technology were 
projectors, mounted slides, computers (Woff ord et al. 2001), and of course the internet. Now, the digital 
landscape of the 21st century opens up even more possibilities.

4.3  Didactical concept
The didactical premises for lectures have scarcely changed over the centuries. The lecturer is an ex-
pert, a source of knowledge, who delivers systematic and organized information to a number of stu-
dents. The format is highly economic because one lecturer can teach many students simultaneously. 
Being a traditional and “old-fashioned” method, the concept of lectures was questioned more and more 
by educationalists at the end of the last century. The main criticism is that students are degraded to pas-
sive recipients and learning as an active process is not fostered through this format (Deslauriers et al. 
2011). There is, however, enough evidence that lectures are as eff ective as other methods in conveying 
knowledge to students (Bligh 1998). Lectures’ effi  cacy in promotion of thought, change in attitude, or 
behavioral skills is very questionable (ibid.). “Modern” lectures now more and more incorporate active 
learning strategies to foster knowledge acquisition (Butler 1992).

Figure 1. Rembrandt Harmenszoon van Rijn, 1632: “The Anatomy Lecture of Dr. 
Nicolaes Tulp.” Mauritshuis, den Haag, Netherlands. Courtesy of Mauritshuis, The 
Hague.
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4.4  Lecture 4.0: digital possibilities
The transformation of the lecture continues in the 21st century. Although lecture capture is actually older 
than one may think, the consistent use of computers for teaching, learning management systems (LMS), 
the massive price drops of hard drive memory, and the accessibility of data via the internet, have con-
tributed to advancing lectures to the next level. The new digital possibilities have made lecture capture 
a common feature in many universities (Tang et al. 2018). Video lectures, or video podcasts, present ad-
vantages and disadvantages: students appreciate the possibility to stop, review, repeat, and accelerate 
the video, but they still prefer live lectures (Cardall et al. 2008; Schreiber et al. 2010). From a didactical 
point of view, the premises for instructional design may change with online lectures. Mayer’s Theory of 
Multimedia Learning (2020), being probably the most common and best known, is however rarely ap-
plied to online lectures (Tang et al. 2018).

With many advancements, the entertainment industry anticipated the innovations in teaching. Preced-
ing the proliferation of lecture capture, the mid-2000s saw the upsurge of video-on-demand (VoD) ser-
vices like Sky, Hulu, Netfl ix, and later Amazon Prime. Higher-education institutions adapted and intro-
duced learning platforms, which contained video lecture repositories (da Graça Pimentel et al. 2001). 
Video-on-demand and YouTubeTM paved the way that led to the upsurge in success of MOOCs (mas-
sive open online courses) in 2012 (Pappano 2012). The hype was real at that time: MOOCs were said to 
revolutionize higher education by making lectures and even universities obsolete. Over time, however, 
problems unfolded: personal address and a connection to the teacher were lacking, students were 
more reliant on self-motivation and self-discipline (Littlejohn et al. 2016). The same principles apply to a 
pandemic, where teaching has to be transferred to online settings. The factual problems marking the de-
cline of MOOCs were worse student performance (Bettinger et al. 2015) and huge dropout rates, which 
averaged at over 90% (Jordan 2014; Israel 2015). Our own institute was fortunate to host the fi rst medical 
MOOC in Germany. The response was huge, with more than 7,000 subscribing participants; however, 
less than 1% successfully completed the course. MOOCs still retain a place in higher education: in post-
graduate training, where the fl exibility of the programs is important, and the intrinsic motivation is high.
The next evolutionary step in entertainment followed in 2014 with live streaming, whereby “live” means 
a synchronous broadcast. Aff ordable hardware and broadband internet enabled seemingly everyone to 
produce live content, which led to the striking success of Twitch.tv around the globe.  Other platforms, 
like Mixer (Microsoft), Facebook, and YouTube, followed with similar services. University teaching has yet 
to adapt on a larger scale, but there are already lighthouse projects employing live streaming for educa-
tion (Bridge et al. 2009; Rossouw 2020). One of these is Tuebingens’ Sectio chirurgica (Hirt et al. 2010).

4.5  Tuebingens’ Sectio chirurgica as a best-practice example
Tuebingens’ Sectio chirurgica is an interactive, interdisciplinary live-stream lecture accompanying the 
dissection course. Following an upsurge in curricular reform approaches for more horizontal and verti-
cal integration at the beginning of the 2000s, Tuebingens’ Faculty of Medicine opted out of a fully re-
formed, problem-based curriculum. In contrast, multiple alternative and novel teaching strategies were 
developed to assure teaching of interdisciplinary and interprofessional interrelations. One of the results 
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was Tuebingens’ Sectio chirurgica (TSC), a surgical-anatomical prosection, contextually in parallel to the 
dissection of the traditional gross anatomy course (Hirt et al. 2010). Arranged like a lecture, the Sectio 
chirurgica presents clinical cases of varying (mainly surgical) disciplines, presented by an anatomist.
 
The key concept of the lectures is to link the basic science knowledge of the topographical anatomy 
to its clinical application in surgery. To achieve this, each episode is framed by a (virtual) patient case. 
In every episode, diff erent aspects from history taking, diagnostics, the actual surgical treatment, of 
course, up to post-op procedures and follow-up care are presented. This is supplemented by anatomical 
presentations or live prosections. The centerpiece is a surgical procedure, which is simulated on an an-
atomical specimen. The anatomical setting leaves the surgeons much more time to explain the surgical 
approach, as there is neither bleeding, time pressure nor an impatient anesthesiologist. 

Following the high demand of local students at its launch in 2008, the TSC was transferred to the internet. 
Since 2009, it is streamed live on a specially created website (https://www.sectio.digital). The platform 
requires registration, as access is limited to medical and paramedical students and practitioners (nurses, 
midwives, physiotherapists, paramedics, etc.). The closed access is necessary for ethical reasons and 
personal rights, as anatomical specimens are shown.

The technical requirements for TSC were created with a custom-built TV studio, where the interactive lecture 
is produced. The production site includes a digital OR, a green screen studio, and a control room (Figure 2). 

Figure 2. Digital OR, green screen studio, and control room at the Institute of Clinical 
Anatomy and Cell Analysis, Tuebingen.
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In more than 17 seasons and way over 100 episodes, the teaching concept matured and incorporated 
more and more features. Several special episodes were produced, including robotic surgery, virtual re-
ality (Figure 3), and complex emergency scenarios (Figures 4 and 5).

One of the main characteristics of TSC is that it is produced (and viewed) live. This opens up the pos-
sibility to interact with the viewers—a feature that is valued by students in on-campus lectures and that 
cannot be provided in videos. The live-stream platform not only provides the live transmission, it also 
includes interactive features. Participants are able to chat with one another, and can direct questions to 
the moderator or the operating surgeon. Live online voting tools are in place, even enabling interactive 
surgery—students can, for example, vote on diff erent surgical approaches.

Additional information is provided via a “second stream screen”; this may include additional camera views, 
peeps behind the scenes, annotated pictures from surgery, secondary literature, or anatomical drawings.

Figure 3. Sectio chirurgica episode with surgical planning 
via virtual reality (VR).

Figure 4. Sectio chirurgica episode on intensive care 
treatment of Covid-19 infection (season 17, episode 1).

Figure 5. Sectio chirurgica episode on emergency rescue 
training.



Innovative Medical Education in the Digital Era 39

At the time of launch, Sectio chirurgica immediately hit the nerve of the medical student population. In 
no time, the platform registered up to 30,000 participants, which equals about one-third of all medical 
students in Germany. Following demand, English live commentary was added a few years later, to allow 
access from other countries in the world. In winter term 2020/21 the fi rst season aired with contributions 
from universities of the CIVIS university alliance.

4.6  Educational research on live-stream lectures
The innovative format called for research questions to analyze if students can actually benefi t from the 
live stream. For education research, “live” means synchronous—recorded lectures sometimes are also 
labeled as video streams, but these are asynchronous (Bridge et al. 2009).

A fi rst study in Tuebingen compared the exam results of students who viewed TSC to those of students 
who did not view TSC. The fi nal exam was two-fold, comprising basic anatomy multiple-choice questions 
as well as clinically applied multiple-choice questions. While there was no diff erence in basic anatomy 
knowledge, students who viewed TSC performed signifi cantly better in answering questions that re-
quired transfer (application) of knowledge (Shiozawa et al. 2017).

 These results could also be reproduced in a multicenter study, with participants from universities employ-
ing either a traditional or a reformed (integrated) curriculum. In a study design with two measurements (pre-/
post-test) participants from all universities showed a signifi cant performance increase in clinically applied 
anatomy knowledge (preliminary data). This eff ect was independent of the curricular model, although there 
were notable diff erences between the diff erent institutions. Arguably, these may stem from diff erences in 
prior subject knowledge, as the TSC topic used in this study (female pelvic organs) was placed diff erently in 
each curriculum. Thus, students from each institution had diff erent immersion and preliminary knowledge. 

Streamed via the internet, it is to question if (and how) a live-stream lecture is diff erent from a recorded 
lecture video. A subsequent lab study compared the TSC live-stream lecture with a lecture capture of a 
traditional lecture providing the same information. The live-stream format was perceived better in terms 
of comprehensibility of the presentation, conceivability of the surgical procedure, and entertainment. 
Again, the participants of the live-stream lecture acquired more clinical knowledge. Analyzing the learn-
ing increase with a mediation analysis, the results show that entertainment is the main factor conducive 
to academic achievement (Grosser et al. 2019).

With the patient-centered episode design, TSC can also open up a holistic view on patient care. This 
allows to include allied health professions in introducing undergraduate students to interprofessional 
education. Interprofessional collaboration may not be learned through videos (it must be experienced), 
but the live-stream lecture can convey attitudes and values with role models. In a study with medical 
and physiotherapy students observing an interprofessional TSC episode, participants’ attitude toward 
interprofessional learning improved in both groups (Grosser et al. 2020). Interprofessional live-stream 
lectures can provide an introduction to interprofessional collaboration in undergraduate education and 
pave the way for interprofessional education in the clinical setting.
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4.7  Proposed success factors for live-stream teaching
Live-streaming lectures are still a new format, so is it a venture that is worthwhile to embark on? And how 
can lecture live streaming be successful? From current research and experience, several success factors 
can be discussed.

The most obvious success factor for live streaming might be interaction, as this is the most distinguish-
ing point compared to recorded video lectures. Also in traditional lectures, active learning and partici-
pation can modify a lecture to be an exciting, inspiring, and eff ective learning mechanism (Butler 1992). 
The moderator or lecturer in a live stream can communicate, answer questions from the audience, and 
ask for opinions or explanations from the students. First, preliminary study data on the interactivity of 
live-stream lectures suggests that interaction can be infl uenced by the moderator. This goes both ways: 
in a randomized setting, students were routed to one of two chat rooms, blinded to the fact that there 
were actually two. The moderator interacted with only one chat room, resulting in signifi cantly more chat 
activity in this room, and ceased interaction in the other. Data from educational research confi rms that 
interaction in lectures is benefi cial for the academic outcome (O’Loughlin 2002; Ernst and Colthorpe 
2007; Blasco-Arcas et al. 2013), however this is yet to be proven for a live-stream online setting like Sec-
tio chirurgica.

The second putative success factor is entertainment. This is again not necessarily a characteristic of 
lecture live streaming, but the elaborate production setting lends itself to exploiting this possibility. With 
a relatively high production value, research data from our own experiments suggest that entertainment 
mediates the learning increase when comparing recorded lectures to live streaming (Grosser et al. 2019). 
Other authors also conclude that employing entertainment techniques in (video) lectures can foster stu-
dent engagement and contribute to academic achievement (Choi 2018). 

4.8  Future prospects
The lecture format has proven to be quite resilient to change. Although it is obvious that it may not serve 
all the purposes it was designed for, the digital era may further advance its strengths and hone notable 
features. The live-streaming lecture can be a part of the evolution, as it allows interaction with large 
groups of students in a digital setting, independent of lecture halls.

Nevertheless, digital live-stream lectures will probably not replace the traditional lecture. The current 
pandemic highlights vividly what students are missing: personal interaction with their fellows. The social 
value of the lecture should not be underestimated, although it may not (directly) contribute to the desired 
academic outcome.

Live-stream lectures do however have the potential to tackle several challenges, especially in a situation 
where digital teaching is more relevant than ever. Live streaming can go beyond lecture capture and 
open up the possibility to foster student–teacher interrelations in distance education. Interactivity in lec-
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tures can contribute to engagement of students and active learning. Live streaming can be entertaining, 
which again leads to engagement and improved learning outcomes. The technological possibilities are 
there—we should not refrain from using them to our advantage.
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5  Online and blended learning for distance 
students: examples and lessons learned

Abstract
Maastricht University has a strong history in problem-based learning (PBL), based on principles of con-
structivist learning. PBL has shown to be eff ective when students are on-campus and study full-time, but 
how do we cater for master-level or post-academic students who are working professionals and live far 
away? Many online courses fall back on teacher-led “old-fashioned” instructional designs.

We present three successful examples of student-centered online learning: 

1. A small-scale blended course that features synchronous, online discussions;

2. A middle-scale completely online course without synchronous contact;

3. A large-scale MOOC about PBL.

The examples illustrate that there is no one-size-fi ts-all solution for student-centered online learning. The 
instructional design needs to be adapted to characteristics of the target learners, the setting and the 
available resources. Lessons learned are summarized in the conclusions.

5.1  Introduction
In higher education, there is a clear need to accommodate diverse learner populations, such as working 
professionals and students living at distance. This requires measures to increase fl exibility and accessi-
bility. To achieve this, many post-academic programs are off ered online or largely online. Current learn-
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ing theories, however, stress the importance of constructive, contextual, collaborative, and self-directed 
learning (Dolmans 2019). In face-to-face higher education, this has led to the adoption of small group 
learning formats, such as problem-based learning (PBL) (Barrows and Tamblyn 1980) or team-based 
learning (TBL) (Michaelsen et al. 1982). Given the benefi ts of cooperative learning (Johnson et al. 2014), 
there is a need to develop cooperative learning activities in online education. However, the combination 
with online learning is by no means self-evident.

Online PBL with synchronous tutor group meetings has been used successfully on a small scale with 
part-time students. Research shows that online synchronous PBL meetings can be similar to face-to-
face PBL when students and tutors are motivated and prepared, and adequate technical support is 
available (De Jong et al. 2014; Barber et al. 2015; Verstegen et al. 2016; Edelbring et al. 2020). The 
Covid-19 pandemic has forced higher education institutions to move to large-scale online education, 
but there was not time for purposeful redesign of courses. Furthermore, simply moving PBL group 
meetings online is not possible when students are working professionals and/or live in diff erent time 
zones. 

Moving education online changes the way that students interact with one another and with teachers. 
Adapting to this requires careful reconsideration of learning activities, the structure of the course, 
and the roles of students and teachers. In this chapter, we present three examples of student-cen-
tered online solutions for diff erent target groups of students. The examples illustrate that there is 
no one-size-fi ts-all solution. The instructional design needs to be adapted to characteristics of the 
target learners, the setting, and the available resources. Lessons learned are summarized in the 
conclusions.

5.1.1  Example 1: small-scale, blended, with synchronous online contact
The online course on Intervention Development at Maastricht University is an eight-week course that is 
part of a regular master’s degree program in Health Education and Promotion (de Nooijer et al. 2021). 
This course is off ered online to make it more accessible for part-time students. The rest of the program is 
face to face. The study load is 20 hours per week, and start and end dates are fi xed. The general aim is 
to outline and justify a health promotion intervention. Participants are full-time or part-time students with 
a diversity of backgrounds. Groups of four or fi ve students work online on a group assignment where 
they have to design a health promotion intervention based on the intervention mapping protocol (Bart-
holomew-Eldredge et al. 2016). This is an authentic task in the health education domain, and one that 
requires group work because it is too big for one student to accomplish alone.

Students introduce themselves in detail by completing a profi le and recording a video. Students are ex-
plicitly invited to watch and respond to their fellow students’ clips beforehand. At the start of the course, 
each group discusses how they want to collaborate and communicate. They fi ll in a team charter that 
specifi es their roles, the task division and deadlines. They agree on when to meet and which tools to 
use. The team process is discussed explicitly every week, and groups are asked to submit two tops 
(things that went well) and two tips (areas for improvement) on collaboration as a team.
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Based on the experiences with this course, de Nooijer and colleagues (2021) provide the following rec-
ommendations for the design, the students, and teachers with respect to online group work:

1. Construct learning tasks that force students to collaborate in order to attain a common goal.

2. Develop collaboration scripts that explicitly structure activities and communication.

3. Organize discussions about team processes and make expectations explicit.

4. Provide a range of communication and collaboration tools.

5. Ensure that teachers are present and visible in the online environment.

6. Provide feedback on task and group processes.

7. Stimulate students to invest in getting to know one another.

8. Ask students to refl ect on their collaboration.

9. Stimulate students to put eff ort into creating a positive team atmosphere.

5.1.2 Example 2: middle scale, fully online and asynchronous
The Master of Health Professions Education (MHPE) is an accredited post-academic Master of Science 
program off ered by the School of Health Professions Education (SHE) of Maastricht University (https://
she.mumc.maastrichtuniversity.nl/). The two-year part-time MHPE program targets working healthcare 
professionals who are (going to be) involved in education in their own professional domain. The MHPE 
is off ered as a blended, part-time program: there are two contact periods of three weeks in Maastricht, 

Figure 1. Learning environment for the online course on Intervention Development.
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or at one of the partner sites. The rest of the year students work at distance and part-time. Since all stu-
dents are working healthcare professionals and live in diff erent time zones, contacts during the year are 
mostly asynchronous.

Students mostly work on assignments that are representative of authentic problems in the health education 
domain. For example, in the third unit they perform a curriculum analysis on a curriculum that they are in-
volved in themselves (usually as teaching staff  or supervisor). They investigate stakeholder views, draw con-
clusions about strong and weak points, and propose a concept design for improvement. They also perform 
a mini-literature review on a topic that is relevant for their setting. In addition, they review the assignment of 
one of their fellows. To provide guidance and stimulate interaction, a number of measures are taken:

⊲ Staff  have recorded short, informal video clips to introduce themselves and to discuss important 
theoretical concepts of this unit (optional).

⊲ Students post a short description of their curriculum in a blog (optional).

⊲ Students are stimulated to contact peers working on similar curricula and/or similar problems (op-
tional).

⊲ There is a discussion forum to ask questions (optional).

⊲ Teachers organize two or three question hours at diff erent times to accommodate for time zones 
(optional).

⊲ Students give peer feedback to one of their peers (obligatory).

At the end of the unit, students hand in their fi nal curriculum analysis and concept redesign, a short 
refl ection on their approach, the peer review, and the mini-literature review. Teaching staff  grade these 
products and provide brief feedback.

Figure 2. In short, informal clips, unit staff  introduce 
themselves and discuss important concepts.



Innovative Medical Education in the Digital Era 47

Student evaluations of this unit are quite consistent over the years, and show that students value the as-
signments and think they have learned a lot (scores >4.5 on 5-point scale). The workload is perceived as 
high, and the unit is seen as diffi  cult, but also relevant. Since they are working with their own curriculum, 
many students can immediately use the results in their everyday work. The interaction with stakehold-
ers—usually their own colleagues and students—is quite time-consuming. In their refl ections, however, 
students often comment that this interaction was an eye-opener. They also report that the interaction 
with fellow students and teachers had been more important than they thought beforehand.

Experience shows that students have many questions at the beginning of the unit. The assignment 
is, purposely, a very open assignment and many students need support to interpret what is expected, 
which part of their curriculum they can use for the analysis and redesign, and how they can approach 
this task. Additionally, in this global audience not everyone is used to being asked to refl ect and be 
openly critical toward their own curriculum, their own work, their fellow’s work, and scholarly papers. 
The discussion forum, blog, and intermediate feedback help to address this. The experience of teaching 
staff  is, however, that it is important to answer quickly, and to keep on stimulating students to ask more 
questions. The question hours are not much frequented, even though students regularly indicate that 
they miss synchronous contact moments, presumably due to scheduling problems. 

5.1.3 Example 3: large-scale MOOC with little teacher support
The MOOC “Problem-based learning: principles and design. Students at the centre!” was designed to 
focus on interactive group work, while following PBL principles to enable constructive, contextual, col-
laborative, and self-directed learning (Dolmans 2019). The MOOC was free of charge and there were no 
entrance requirements. It was executed twice, in autumn 2015 and 2017 (see Figure 3).

Figure 3. Start pages of the two runs of “Problem-based learning: principles and design. 
Students at the centre!” The 2015 run on the left and the 2017 run on the right.
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Participants in the PBL MOOC were asked to form their own groups using the search facilities of the 
platform (NovoEd: https://novoed.com). After completing a team charter, they worked on four authentic 
PBL problems. The groups worked independently, without a tutor. Since participants were expected to 
vary widely in background and preferences, the MOOC design intentionally gave groups freedom in 
deciding what to focus on in more detail, and in how to interact and work together. There was no exam 
or assessment; participants who completed all assignments received a certifi cate of participation. The 
workload for participants was estimated at four to eight hours a week. (For a more detailed description, 
see Verstegen et al. (2019).) The fi rst run of the MOOC had 2,799 participants and a completion rate of 
9.4%. In the second run, there were 894 participants with a completion rate of 12.1%. Participants came 
from all over the world (see Figure 4).

The results of evaluation research showed that it is possible to apply, to a large extent, the principles 
of PBL in the context of a MOOC. Participants discussed authentic problem cases in groups and fol-
lowed a similar structure as in regular PBL: a brainstorm phase in which they collaboratively gener-
ated their own learning questions; a self-study phase in which they individually searched resources 
to study; and a reporting phase in which they collaboratively discussed what they had found. In the 
absence of tutor guidance and feedback, participants learned with and from one another (Verstegen 
et al. submitted). Questionnaire results showed that participants who completed the MOOC were 
very satisfi ed with the design, the learning materials, and the learning process in the PBL MOOC. 
It seems that successful groups managed to collect insights from active group members, despite 
dwindling numbers of active participants and a large number of participants who were new to PBL, 
MOOCs, and virtual group work. Individual completion rates were comparable to those for other 
MOOCs or slightly better (9.4% in the fi rst run and 12.1% in the second run, cf. Reich and Ruipérez-Va-

Figure 4. Google maps showing global participation in the MOOCs. The 2015 run on the left and the 2017 run on the right. 
(Note that not all participants pinned themselves on the map; this was a voluntary action.)
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liente 2019). At group level the completion rates were a lot higher (44.0% and 51.4%, respectively), 
presumably because those who committed to group work were more motivated than those who did 
not take action to join a group.

Inspection of the assignments shows truly creative and innovative thinking and co-creation of knowl-
edge. However, the envisioned kind of learning was not realized in all groups, and the absence of a 
tutor may have been an important factor in this. Tutors are an important part of PBL (De Rijdt et al. 2012). 
Observation of group interactions of successful teams revealed that these online, virtual teams can col-
laborate on learning tasks without extensive guidance, but this requires additional communication, and 
technological skills and support (Verstegen et al. 2018). Explicit discussion about group organization and 
task work, a positive atmosphere, and acceptance of unequal contributions seem to be positive factors. 
Additional support is required to prepare participants for virtual teamwork, develop digital literacy, and 
stimulate more elaborate brainstorming and discussion.

5.2  Conclusions
The three examples described above show that successful student-centered education is possible and 
feasible online. They show a variety of student-centered formats that share many characteristics with 
PBL, although they might not be fully classifi ed as such in a strict defi nition: learning is centered around 
authentic problems and the course design stimulates contextual, constructive, collaborative, and self-di-
rected learning (Dolmans 2019). They also illustrate how the course designers have adapted to the con-
text, target group, and resources. When synchronous contact is possible, online discussions can be as 
eff ective as face-to-face discussion (Verstegen et al. 2016). When students are working professionals, 
this can still work, but it might be better to allow the student groups to make their own appointments (as 
in Example 1). When these working professionals also live in diff erent time zones, it might be necessary 
to give up on the idea and reshape the learning activities. That is why we moved to a format that allows 
students to work far more individually in the second example. We reduced the amount of interaction 
required from students and thought carefully about the roles of students and teachers throughout the 
course—for example, moving most of the teacher eff orts to giving elaborate feedback midway instead 
of at the end, because there are no (synchronous) meetings. In the third example, the context of the 
MOOC forced us to move to a design with very little teacher involvement and support. In this example, 
we moved all the responsibility for shaping the learning process to the participants, and gave them full 
freedom in deciding what to do and how to interact. We accepted the massive dropout, which is common 
in MOOCs, and accepted that the groups decided for themselves what to focus on and how much time 
they wanted to spend on the course. Therefore, there was no exam, just a certifi cate of participation.

The most important lesson we learned is that successful online education requires careful prepara-
tion. Simply moving face-to-face education to online delivery leads to suboptimal solutions. This might 
be necessary in a crisis, such as the Covid pandemic, but it will not suffi  ce to cater for diff erent target 
groups, such as post-academic students. The design of good online education starts with a careful anal-
ysis of the target group: their entrance level, but also their living conditions, study habits, and study skills. 
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In post-academic education, the target group is often varied. This asks for fl exibility and adaptability. Al-
lowing groups to choose their own means of communication and their own approach makes it possible 
to divide roles and tasks according to each team member’s strengths and availability (Filius et al. 2018). 
Providing a clear structure to support the group process (e.g., in the form of a collaboration script in Ex-
ample 1 and the PBL steps in Example 3) can help groups to fi nish tasks in time. Stimulating groups to 
explicitly and repeatedly discuss their progress and their collaboration also helps. Another solution can 
be to allow students to work more individually and at their own pace, as in Example 2.

What an online course can look like depends on the available resources. It is clear that students and staff  
need adequate technological resources and support. They may need a combination of additional skills for 
online (international) collaboration online, including competences related to ICT, intercultural and cultur-
al, communication and language, self-management and organization, collaboration, and domain-specifi c 
competencies (Verstegen et al. 2018; Kolm et al. submitted). Results of this review showed that little is 
known about how such competencies can be integrated into online learning environments, and how they 
can be assessed. Furthermore, online teaching can be very demanding for staff  (Whittet 2021). Staff  time 
will often be used diff erently, and the roles of students and staff  might shift, especially when students are 
also working professionals and thus adult learners. Our experience is that the visibility of teachers is impor-
tant. Garrison and colleagues (1999) further elaborate this into diff erent domains of teacher presence to ex-
plain that in the online environment teachers have diff erent roles, not only in teaching the course content, 
but also in organizing the students’ activities and interactions, and the social processes involved in online 
collaboration. Intermediate, formative feedback helps students to keep on track
.
Online education is diff erent from face-to-face education in many ways. Building trust requires explicit 
time and attention. Expectation management and providing a clear course structure with explicit mo-
ments for (synchronous or asynchronous) contact stimulate interaction. However, it is also important to 
keep the course design simple and allow students to take the lead.
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6  Health and life sciences digital learning for 
various target audiences within innovative 
university ecosystems: case studies

Abstract
The health and life science ecosystem is subject to rapid cycles of technical and procedural innovation, 
making lifelong learning essential for all sector stakeholders. However, there are major obstacles to the 
organization of, and access to, continuing education. This chapter illustrates six case studies launched 
at the sector’s request. They reveal how the use of digital learning and a hybrid approach (combining 
classroom-based and remote learning) boosts learnability, creates more dynamic learning environments 
by providing a more eff ective response to expectations, and removes obstacles by streamlining access 
to training for as many learners as possible.

6.1 Introduction 
The health and life science sector is a complex socioeconomic ecosystem as it encompasses a wide 
range of roles and stakeholders who work as part of a daily eff ort to improve human health. The research 
and education taking place within universities contributes to the sector’s dynamism. While innovation 
stems from the results of research, lifelong learning is a powerful tool for transferring knowledge and 
skills and maintaining the high level of skills required in this sector of activities. 

This evolving ecosystem, characterized by rapid cycles of innovation, has a constant need for new skills, 
and demands that a varied pool of talent profi les is at hand to support it as it grows. To illustrate this 
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need, a campus that is home to health, biomedical, biopharma, and life sciences departments will also 
be home to around 300 diff erent professional roles (IFIC 2016; BioWin 2020). These roles are occupied 
by employees from a varied range of complementary professional backgrounds, with very diff erent ed-
ucational backgrounds spanning the ISCED levels.

It is not realistic to expect that, today, a lifetime’s worth of skills can fi t into a single initial qualifi cation, 
whatever the level of education. The knowledge and skills acquired should be seen as perishable goods 
that always need to be refreshed. Learnability is a key concept that should be encouraged, and lifelong 
learning is an eff ective way to do so.

However, a series of obstacles face continuing education. First, European surveys (Eurostat 2016) de-
scribe the barriers encountered when trying to access adult education and training. These include a lack 
of availability and a lack of time, costs, health problems, the lack of employer support, course content 
that does not match fi eld realities, geographical distances, entry criteria and, last but not least, a nega-
tive opinion associated with initial training that was not stimulating enough.

Second, particular aspects of the health ecosystem complicate the delivery of training programs. Exam-
ples of these include the speed with which knowledge and skills become obsolete, the rapid growth of 
particular activities, the lack of equipment available for training, along with its cost, the diverse range of 
profi les that require training, and the mobility and geographical locations of attendees.

If learning strategies that remove the obstacles listed above can be developed, continuing education is 
an essential tool for lifelong career development (Toffl  er 1974). We present six case studies to illustrate 
hybrid or 100% online training models that are agile and fl exible enough to meet health and life science 
fi eld expectations and overcome the constraints highlighted above.

6.1.1  Case studies
We ran each case study in response to the fi eld requirements. The course’s pedagogical and didactic 
approaches were developed according to the context of their target audience. For each case study, we 
will clarify the context, the target audience, the methods used, and the results obtained.

6.2  Training needs that require equipment or environments that are not 
readily available

6.2.1 Context and target audience
Access to specialist equipment—often expensive and quickly obsolete—is a real obstacle to training. 
Due to budgetary or technical reasons, initial and continuing education providers do not always have 
access to this equipment. The development of digital training modules could remove this obstacle by 
enabling experimentation in an e-laboratory environment, among other things for procedural manipula-
tion (Blumstein et al. 2020). Here we present two examples of this, each with its own target audience, 
namely fl ow cytometry and cell culture using a laminar fl ow hood.



Innovative Medical Education in the Digital Era 53

6.2.2 Training model and methodology
A fl ipped classroom to teach fl ow cytometry
This case study used a fl ipped classroom model for vocational course teaching staff  (undergraduate level) 
and their students, for training in the theory and practice of fl ow cytometry. There were two learning phas-
es: independent study for the theory phase, and a laboratory-based practical phase. More specifi cally, the 
theory was taught through an online module that presented how the device worked, along with the under-
lying theory, accompanied by concrete examples to put the theory into context. To consolidate and cement 
this independent learning, students could complete quizzes to test their understanding of the module as 
part of a self-assessment process. Once students had completed the theory course, the next phase was 
live experimentation in a professional environment with supervision from a technical expert.

Teaching cell culture with a virtual reality serious game
This teaching method consisted of using a virtual reality module (VR) to teach cell culture using a laminar 
air-fl ow hood. It was developed to train lab technicians and remedy employer anxiety concerning the 
availability of staff  trained to work in aseptic environments. The VR module was then off ered to master’s 
students who need to learn this technique during their initial education. The VR activity is presented as 
a video game. It includes, as an introduction, a reminder of the essential rules to follow when working 
with a laminar fl ow hood and in cellular biology procedures. The learning sequence is broken up into six 
sequential stages, with each building on the last and increasing in diffi  culty. This means that students can 
stop playing at any time and later pick up where they left off . 

6.2.3 Solutions to the initial need delivered by the e-laboratory
Via the fl ipped classroom to teach fl ow cytometry
It is neither realistic nor desirable for most educational establishments and training centers to own fl ow cy-
tometer instruments (as many other large or costly instruments) to be used solely for training. This kind of 
expensive device needs to be used every day by staff  with advanced technical skills. Thus, for the practical 
teaching phase, the school signed a partnership with a lab that used fl ow cytometry as a matter of routine. 

In terms of pedagogy and didactics, the fl ipped class was initially off ered to teaching staff  so that they 
could receive training in or refresh their skills in what has become an essential technique in clinical biol-
ogy. This enabled knowledge to be passed on, with a multiplier eff ect, to students studying toward their 
initial education.

Furthermore, through this integrated and immersive independent learning method, students were im-
mersed in a professional, relevant, and stimulating learning environment. 

Via virtual reality to teach cell culture in an aseptic environment
First and foremost, this VR method increases the time each learner can practice by increasing the num-
ber of virtual workstations available, while drastically reducing the time needed to complete an experi-
ment by removing the need to wait for extended periods for cell culture incubation.
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In terms of pedagogy and didactics, this immersive method enhanced learning quality through genu-
ine experience-based learning in which mistakes are permitted (and sometimes encouraged in case of 
doubt). The method enabled each student to repeatedly perform the correct actions as many times as 
they needed, developing the actions and behaviors used when working in aseptic environments until 
they became second nature. Here, the only consequence of a virtual mistake is to gradually improve the 
lesson learned, as students came to understand the actions and procedures to avoid. The scenario was 
divided into episodes, each accompanied by immediate feedback. Lastly, the hardware used (VR head-
set) and the script, inspired by techniques used in video games, made learning fun.
 
In addition to this, virtual reality considerably reduces the environmental impact of an experiment (which 
represents a saving of no less than 12 kg of disposable plastics per student per course, as well as saving 
the energy consumed to maintain incubation temperature).

6.3  The pressing need for qualifi ed personnel 

6.3.1  Context and target audience 
When it comes to human resources, the life sciences sector operates on a just-in-time basis. It is becom-
ing increasingly diffi  cult to recruit qualifi ed personnel, as graduates in this sector are quickly snapped up 
(BioWin 2020). This is why intensive training courses for jobseekers can create a pool of talent to support 
the sector’s growth and keep it competitive. These courses, run as classroom-based courses in our labs, 
are a real success, with most participants fi nding a job at the end of a course (the employment rate on 
completion of these courses varies between 85% and 100%).

However, given the strong appetite of the sector, we have seen a rapid and steady shift in candidate pro-
fi les. While applicants hailed from relatively uniform backgrounds the fi rst times the courses were organized 
(graduates with bachelor’s and master’s degrees in life sciences), there has been a steady shift to more 
varied and less qualifi ed backgrounds. Their initial training, if they had any, increasingly lacked a focus on 
the desired subjects, meaning that many applicants failed the pre-selection test for access to training (>40% 
failure rate). An analysis of test results revealed that the failures were linked to a lack of prerequisites in lab-
oratory calculations and life sciences. In addition, these failures led to anxiety and stress with regard to the 
pre-selection test itself, with some candidates no longer daring to sign up for training courses. To remedy 
this situation, online courses were developed to increase the pool of candidates who could access them.

6.3.2 Training model and methodology
The digital tools that were gradually put into place initially consisted of a battery of online calculation exer-
cises similar to those included in the pre-selection test, and two asynchronous learning modules. The fi rst 
asynchronous module covered the methods used for laboratory calculations (e.g., concentration and dilu-
tion formulae), accompanied by a battery of online tests at which participants could have unlimited attempts 
and receive detailed corrections. The second asynchronous module used videos and animations to enable 
participants who were retraining to quickly acquire or refresh the basics of molecular and cellular biology.
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6.3.3  Solutions provided by this model to the initial need of qualifi ed personnel
Figure 1 shows how once the online calculation exercises were in place, the ratio between the over-
all failure rate (in dark blue) and the failure rate for the calculation section of the pre-selection test 
(in light blue) was inverted, resulting in a lower total failure rate and higher participation in training 
courses.

The online asynchronous learning module on laboratory calculation subsequently implemented was well 
received by students (n=38): 76% found it useful, 89% learned something new, 74% felt better prepared, 
and 63% were more confi dent in passing the admissions test.

More recently, an online course in molecular and cellular biology was off ered in addition to the calcula-
tion module. Today, it helps prospective candidates with no life science background (>50% of students 
every training session) to pass the pre-selection test. As an example, an applicant with a master’s in 
speech therapy, and with 10 years’ experience as a speech therapist, was able to successfully retrain 
thanks to the online support available to her. After passing the admission tests and passing the course 
with fl ying colors, she found work as a biotechnologist.

Figure 1. Changes to the failure rates in pre-selection test for specialist training courses for jobseekers between 2010 
and 2016.  The test contained two main parts: one part on calculation exercises (data shown) and a second section testing 
knowledge of life sciences (data not shown). N = number of people who passed the test. The information provided to 
participants in 2013 was inadequate and unsuitable, resulting in limited uptake of the online calculation exercises the fi rst 
time they were available. Communication was improved in subsequent years, mainly regarding the purpose of the initiative, 
to enable as many students as possible to prepare for and pass the calculation section of the test.
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6.4  The need for career-long continuing professional development 

6.4.1 Context and target audience
Some healthcare professionals have a legal obligation to take continuing professional development 
(CPD) (Moniteur belge 2015). These CPD courses enable them to maintain and develop the specialized 
skills required in their professions. However, very often these courses are extremely time-consuming, 
demanding not only an investment in terms of attending the course itself, but also to earn or refresh the 
prerequisites for the course, or sit an admission test where one is required.
 
This is the case, for example, with a postgraduate certifi cate in improved teamwork for healthcare staff  
working in oncology. It takes the form of a long CPD course (15 ECTS credits), catering to the current 
trend of outsourcing treatments away from the hospital, arising in part from the increasing oral adminis-
tration of cancer treatments. This course demands a long list of prerequisites in which attendees must 
be competent before they can access it.

6.4.2 Training model and methodology
An online module to prepare for the certifying course, taking the varied applicant backgrounds into ac-
count (doctors, nurses, pharmacists, physiotherapists, psychologists, etc.) has been created. Learners 
can choose to study the module at their own pace and according to their own working hours, so that 
they can refresh their knowledge of the basic concepts. In an eff ort to take the varied prerequisites into 
account, students can join the course at diff erent points, for a tailored learning experience (see Figure 2). 
Students can begin the target course itself only once they have successfully passed the admission test 
to the certifying course at the end of the online module.

Figure 2. The horizontal arrow is split into two main sections: the online prerequisites module and the certifying course 
accessible following completion of the online module. Students can join the online module at part 1 or at the beginning of part 
2 following a position test (dark blue arrow) that evaluates the student’s current knowledge. During parts 2 and 3, students 
can take assessments at the start of each chapter (light blue arrows), the results of which can help them decide whether 
they need to study this module, or whether they already know its content and can proceed to the next chapter. Students can 
access the certifying course following an assessment at the end of the online module (red arrow).

CERTIFYING COURSE

ONLINE PREREQUISITES MODULES

Position test in the online module

Intermediate assessments

Admission test to the certifying course

PART 1 PART 2 PART 3

Position test in the online module

Intermediate assessments

Admission test to the certifying course
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6.4.3  Solutions provided by this system to the initial need for career-long CPD
A total of 80% of participants in the fi rst session (n=17) found the online module in preparation for the 
admission test to be useful, relevant, and a practical way to revise the essential prerequisites, as well as 
to refresh theoretical concepts that they had not encountered since their initial training. They also noted 
the importance of structuring knowledge acquired through informal learning on the job. In addition to 
this, 86% of them thought that this kind of approach would save them time.

6.5  The need for remote learning in an international context 

6.5.1  Context and target audience
A biotech start-up was selling high-tech products and services based on polymorphic genetic markers 
for certain forms of cancer. To accelerate its entry onto the international market, it was vital that the com-
pany could quickly, and remotely, train its customers in using its innovative technology and procedures. 
Opportunities for classroom-based training were limited due to the geographical area involved, and the 
time window was limited by international competition. The company had to establish itself everywhere 
and at once as soon as it had trained its customers in a disruptive technology.

6.5.2 Training model and methodology
The method we developed was a small private online course (SPOC) to train new customers in the basics 
of genetic oncology while also covering ethical and technological aspects. The online module included 
videos from experts and short sequences of online training in relevant concepts, accompanied by tests 
with automatic corrections (multiple-choice and multiple-answer questions). The structure was modular 
and progressive, and each stage of the course had to be passed before moving on to the next. Custom-
ers had to pass a fi nal test to earn the certifi cation required to purchase the product from the company.

6.5.3  Solutions provided by this system to the initial need for remote learning
Thanks to the SPOC format, learners could sit the course at a time and place of their choosing. After just 
six weeks, 106 attendees had taken the course, from 37 countries on every continent; 26% of attend-
ees studied the course to completion and passed all of the tests. However, it was necessary to modify 
the 100% asynchronous online course with (i) synchronous assessments to prevent cheating in the fi nal 
assessment, and (ii) synchronous meetings to cement trust between the company and its potential cus-
tomers, and to create an interactive student community.

6.6  The need for training for patients 

6.6.1 Context and target audience
Patients with chronic illnesses are faced with professional and personal challenges (fi nances, family, 
mental health, etc.) in addition to their medical problems. In parallel, a growing number of them want to 
play an active role in their care pathway (i.e., patient empowerment).
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Yet patients and caregivers are often overlooked when it comes to training. At the time of writing, there 
are few Belgian training centers that deliver structured courses for this target audience. There is, howev-
er, a positive correlation between how much a patient knows about their illness and greater adhesion to 
their treatment (Foulon et al. 2011; Fondation ARC 2016), thereby leading to longer life expectancy and a 
better quality of life. In this context, it becomes critical to off er patients tailored learning tools so that they 
can not only learn about their illness, but also learn how to live with it. This becomes all the more press-
ing given the increase in intermediate care (e.g., home care with oral cancer treatments) that requires the 
patient’s active participation.

6.6.2  Training model and methodology
A project for cancer patients and their caregivers has been initiated. The initiative was based on the 
results of a Fondation contre le Cancer survey of cancer patients (pers. comm., data not published) that 
inventoried their training and empowerment needs. This initial stage identifi ed a few key themes to be 
developed as a priority. In the next stage, research has been conducted to determine patients’ preferred 
format for receiving this information. A needs analysis through patient associations and, in parallel, fo-
cus groups with current and former cancer patients and their caregivers were carried out. In the focus 
groups, participants debated the ideal format that the project should take in terms of both structure and 
design. The conclusion was that patients want (i) straightforward, fl exible access to key information in 
terms of the times and locations it is available, (ii) information presented in a tailored, centralized, and ed-
ucational format, (iii) to feel they play an active role in their treatment and are free to make decisions, (iv) 
classroom-based sessions where they can talk with other patients and professionals, and (v) an intuitive, 
social learning environment.
 
This bottom-up methodology was used to design a structured learning experience, tailored to the needs 
of cancer patients and their caregivers. It was decided that the project should be developed in French 
and Dutch (Belgium’s offi  cial languages), and should ideally be accompanied by an information website 
with interactive Q&A sessions (in partnership with hospitals), with special training available for patients 
eager to learn more (e.g., to become patient partners). Indeed, the Université libre de Bruxelles is devel-
oping a patient partnership model that recognizes the “expertise of living with the illness” and that will 
enable trained patients to become an integral part of the care team. It should be noted that in order to 
ensure this model is optimally supported, a certifying training course for healthcare professionals and 
teaching staff  is also available.

6.7  Discussion and conclusion 

6.7.1  Digital learning makes it easier to access training
The challenges involved in lifelong learning in the health sector present a dual nature: on the one hand, 
intrinsic aspects of the ecosystem must be taken into account, while on the other, obstacles that make it 
diffi  cult for learners to access training must be removed. Table 1 contains a summary of the teaching tools 
we suggest for diff erent target audiences to overcome this dual challenge.
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Some intrinsic aspects of the healthcare environment make it more diffi  cult to organize training: (i) the 
technical nature of the equipment or the environment, which makes training expensive, dangerous, or 
diffi  cult; (ii) the astounding boom in particular fi elds, which rapidly exhausts the natural talent pool (i.e., 
fresh graduates entering the jobs market); (iii) short innovation cycles, which mean that knowledge and 
skills quickly become obsolete; (iv) the huge diversity in stakeholders and job descriptions; (v) the sec-
tor’s competitiveness, accentuated by international competition.

Some obstacles encountered by learners must also be removed: (i) training schedules that are incompati-
ble with family and working life; (ii) boring teaching methods and a lack of employer support; (iii) a negative 
learning experience from initial training, seen as too rigid; (iv) a lack of confi dence in the prerequisites.

To overcome these obstacles, training developers have at their disposal an arsenal of digital and hy-
brid solutions, such as those described in our case studies (e-laboratories, virtual reality serious games, 
online content and exercises, asynchronous online courses, and blended learning). Learning outcomes 
should be used to structure these teaching methods, in order to maximize independent learning and its 
enjoyment. Flexibility, in particular, encourages an individual training path, which seems vital if learners 
are to commit to their CPD, thereby promoting attendance and completion.

Suggested method
(click here for more details)

Target audience Challenges presented by health ecosystem Main obstacle removed for learners

1. Flipped classroom (i) Teaching staff  and 

(ii) their students

Equipment not (often) 

available

Disengagement caused by learning stripped 

of context

2. Virtual reality (i) Professional 

technicians and (ii) 

master’s students

Equipment not (often) 

available

Negative experience of initial training (joy-

less training or inability to make mistakes)

3. Asynchronous 

online exercises

Jobseekers Talent pool too small to support growth and stay 

competitive

Disengagement caused by a loss of confi -

dence in prerequisites (i.e., feeling of being 

poorly prepared)

4. Asynchronous online 

courses

Health professionals Variety of target audiences and job descriptions

Continuing education for active health professionals

Course schedule incompatible with work and 

home lives

5. SPOC Clients of red biotech 

companies

International competitiveness Diffi  culty accessing training due to geograph-

ical distance

6. Hybrid approach 

(online + classroom training)

Patients Position patients at heart of the healthcare eco-

system

Health problems and course schedule incom-

patible with work, health 

treatment, and home lives

Table 1. Teaching tools suggested for diff erent target audiences.
Legend: The fl ipped classroom model (1) was off ered to CPD teaching staff  and their students, to enable them to learn to use expensive 
equipment (fl ow cytometry) that is not often available for training purposes. Learner engagement is facilitated through training tailored to 
real industry needs, and which can therefore quickly be applied to real-world situations. Virtual reality (2) was off ered to lab technicians in 
the biopharmaceutical industry, and then to master’s students, to learn how to work in an aseptic environment (working with a laminar fl ow 
hood) that is not often available in training. The gamifi ed training facilitated learner engagement and the structure permitted procedures 
to be learned through making mistakes. Online exercises and refresher content for basic concepts (3) encourage vulnerable target 
audiences with low self-confi dence to take part in admissions tests for courses in cutting-edge fi elds, even if they are lacking the correct 
initial training. Asynchronous online courses (4) for active health professionals help them to optimize their training schedule through 
fl exible learning for better time management. Small private online courses (SPOCs) (5) make it possible to standardize training on an 
international level to ensure proper use of products and services with very high added value, and to further an organization’s international 
reach. A hybrid approach (6) that takes patient particularities into account facilitates access to training for patients.
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6.7.2  Versatile methodology accommodating learner diversity
Continuing education represents one way for the university to better deliver on its commitment to main-
taining and developing innovative ecosystems, characterized by the rapid evolution of knowledge and 
practices. This means it is important to provide versatile training tools for the full range of stakeholders 
working in this environment, even those who are not part of the traditional university audience (e.g., job-
seekers, trainers, and patients). The unique criteria and challenges of diff erent learner profi les should be 
taken into account when designing and organizing training programs.

Collaboration with regional employment agencies (Forem, Bruxelles Formation) can increase jobseeker 
employability by giving them an opportunity to retrain in professional biomedical roles, which are fl our-
ishing and creating many jobs. In light of the fact that some health and biotechnology sectors are facing 
major diffi  culties in recruiting qualifi ed talent, the industry can no longer rely on its natural recruitment 
pool: there simply aren’t enough young graduates. Foundation and prerequisite modules can then help 
potential candidates from more generalist backgrounds, or with less training, to access training programs 
that lead the vast majority of them (85% to 100% in the examples cited here) to fi nd stable employment 
in these sectors. These asynchronous online modules contain micro-sequences of taught classes, and 
an extensive selection of practice exercises (with unlimited attempts). They tend to be open to all, and 
the user experience is streamlined and collegial, to help learners train at their own pace, building the 
confi dence they need to register for the course pre-selection test.

Hybrid methods, like fl ipped classrooms, facilitate the updating of skills for teaching staff  at professional 
schools. The digital component makes it easier for teaching staff  to access the course, and the prac-
tical component (which takes place in a lab) provides an opportunity for contact with technicians and 
researchers who are immersed in real-world applications.

When the training session targets a mixed audience simultaneously (multidisciplinary or transversal cours-
es, for example), the challenge is to ensure that all learners reach the same standard, and it is vital to check 
that applicants meet the prerequisites. In this context, a number of educational tools are available to us 
to tailor the training experience (e.g., access via diff erent entry points to the course, separate prerequisite 
modules, remediation, an active learner community within a SPOC, blended learning containing online the-
ory modules (synchronous or asynchronous) accompanied by classroom-based sessions and workshops).

6.7.3  Lifelong learning plays a structural role within innovative university ecosystems
University education is no longer limited to young people coming straight from mandatory secondary 
education. Lifelong learning is becoming a fi rmly rooted custom. This kind of training builds on knowl-
edge and competences acquired during initial training or professional experience. It is complementary 
training that supports learners in the personal and professional challenges they encounter throughout 
their lifetime. Universities play a pivotal role in the innovative ecosystems that drive research and educa-
tion. With their hospital, industrial, and institutional partners, they are particularly well placed to identify 
skills gaps and propose training courses tailored to maintaining the dynamism of the innovative, primarily 
research-based, ecosystems they are part of.
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The training methods described here demonstrate these close partnerships between diff erent stakehold-
ers in the health sector. Some of the courses, which were initially designed for working professionals, have 
formed a feedback loop into university education (e.g., the virtual reality aseptic environment course ini-
tially designed for biomedical companies is now available to master’s students, in an eff ort to improve an 
aspect of their education that will be essential in their future career). By encouraging the joint creation of 
open partnerships and programs, we create an educational continuum that makes the sector more com-
petitive, and boosts the employability of students and those working in the sector. Furthermore, in doing so, 
the lack of employer support—a major obstacle—is immediately remedied, as employers play an active role 
in the design and content of lifelong learning courses, and adapting, if necessary, initial training programs.

6.7.4 Digital learning encourages learnability and makes learning fun
Learnability (i.e., the desire and ability to grow and adapt to new circumstances and challenges over the 
long term through learning (Manpower 2020)) is a major challenge in keeping up with an evolving, some-
times disruptive environment. To develop this skill, however, access to lifelong learning needs to be stream-
lined. Making people want to learn, off ering a quality learning experience, boosting learner and employer 
engagement, and delivering quality content are all major challenges in creating a society that likes to learn.

Once created, digital pedagogy tools can easily be reused many times. However, a considerable invest-
ment of time and resources is needed to develop digital pedagogy tools (which involve input from wide 
range of professions, such as scientifi c illustrators, UX/UI designers, writers, IT managers, coordinators, 
content experts, to name but a few). It is therefore important to carefully weigh the benefi t–cost ratio of 
this kind of strategy. In addition to the budget, other criteria to take into account include updating cours-
es to remove obsolete knowledge and techniques, the robustness of the script, modifi cation following 
assessment of both learners and content, the technological maturity of learners, more open access for 
all, and the considerable, often underestimated, environmental cost of implementing digital tools. These 
important criteria are beyond the scope of this chapter but are worthy of further study.

Based on the pedagogical experiments proposed in this chapter, the authors believe that courses that 
include digital learning help to streamline access to lifelong learning for the diff erent target audiences that 
make up the health and life sciences ecosystem. While this observation is true by necessity during the 
Covid-19 lockdowns (as part of the “coronasolidarity” program initiated by ULB Engagée, i.e., a series of 
actions to support partners and the living areas where the university is located during the Covid pandemic, 
HeLSci’s digital catalog was given for all, free of charge), it was true in the days before Covid and it will 
remain true when Covid is in the past.

While the sector targeted here is the health sector, we fi rmly believe that this training model will be just 
as relevant to other innovative sectors.

6.7.5 Discover the case studies
The case studies described in this chapter can be viewed on our YouTube channel (text in French): 
https://youtube.com/playlist?list=PLxUZwhc1Qa6Usa8h2zrrYxhrd4pIkOwnF
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7  AI in medical education

Pecoraro M.,† Cipollari S.,† Panebianco V.,† Catalano C.†

7.1  Introduction
In the past decade medical education has been implemented thanks to the innovations provided by the 
technological advancement to refl ect patient care delivery readjustments. 

In the near future, the greatest impact on medical training will likely derive from artifi cial intelligence (AI) 
technology developments, causing a paradigm shift in teaching. Indeed, in the age of Big Data, AI pro-
vides new teaching and learning solutions for both medical education and training, as for any other fi eld of 
learning and teaching. Today, with the advancement of AI systems, the old medical education models that 
relied on experimental results and informed textbook teaching no longer hold. The abilities that physicians 
require to meet patients’ healthcare needs are all aff ected by AI-enabled systems. Medical students and 
physicians in training should be prepared through teaching and educated guesswork to deal with and ex-
ploit such technologies rather than simply being forced to react to them (Rampton et al. 2020). As medicine 
moves toward precision medicine, the term “precision medical education” has been introduced to illustrate 
the use of tools and diagnostics to personalize medical education to individual learners (Duong et al. 2019). 
This has become even more pressing with the advent of the Covid-19 pandemic, which has forced e-learn-
ing to become a daily reality for training and education on a broad spectrum.

7.1.1 Knowledge Space Theory
The foundation of AI in education relies on the Knowledge Space Theory (KST), a psychological devel-
opment applied in the fi eld of e-learning introduced by Doignon and Falmagne in 1999 (Doignon and 
Falmagne 1999; Falmagne and Doignon 2011). KST is a competence-based theoretical framework that 
aims to functionalize and categorize the “knowledge structures” into domains and states in order to 
personalize learning. The “knowledge domain” can be interpreted as a set of problems or “items” to be 
learned and the “the knowledge states,” which is the subset of items an individual is capable of solving. 
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KST theorizes that dependencies and relations between these items represent a “prerequisite” to learn 
a more complex item. These prerequisite inferred relations aim to reduce the number of all possible 
learning patterns to achieve an easily manageable amount of knowledge states. The set of all knowl-
edge states is referred to as knowledge structure. This was the fi rst attempt to develop individual learn-
ers’ domain-specifi c competence framework with intelligent adaptation techniques. 

7.1.2 AI applicability in medical education and training
The traditional apprenticeship mode depends on multiple variables (e.g., time, trainees’ relationship, amount 
and diversity of learning material provided), which will likely be addressed and altered by AI to meet ever in-
creasing workload demands and reduce the individual variability that is thought to contribute substantially to 
learning styles (Hart 2016). Education in every fi eld consists of three basic components (Williamson et al. 2004):

1. The curriculum, which represents what the teacher intends students to learn;

2. Instruction, which is how the teacher intends to teach;

3. Assessment, which is how the teacher determines what the student has learned.

AI can be applied to any of these three basic components to provide personalized learning and individ-
ualized teaching.

AI can also be applied to any of these basic components of training: (i) to automate “learning profi les” 
according to both the skills/competences of the student and to predefi ned training curricula (e.g., the Eu-
ropean Training Curriculum for Radiology); (ii) to provide comprehensive digital teaching fi le databases; 
and (iii) to decrease the time needed to evaluate multiple curriculums, solve multidimensional problems, 
provide greater classifi cation accuracy, and establish a relationship between diff erent variables.

7.2  AI and radiology education
Compared to other medical specialties, radiology practice will be most 
aff ected and altered by the coming of AI, in terms of the process of 
learning in radiology. Radiologists should be aware of three levels of 
knowledge for AI applicability, similar to those needed in the early 
1990s with the development of magnetic resonance imaging (Figure 1).

The fi rst level will be taken up by AI tools creators, who possess the 
most in-depth knowledge of the software that should be applied to 
clinical problems (MR physicists); the second will be occupied by 
radiologists as AI tool deployers, who understand the core concepts 
of AI, in order to create “appropriate protocols” for specifi c assisted 
and/or automated interpretation. The last step will be covered by 
AI-using radiologists, who neither create nor design new tools, but 
rather use them.

Figure 1. Three levels of knowledge 
for AI applicability.
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Today, much attention has been given to teaching radiology trainees about AI and, although the idea of 
using AI to improve education is not new, its application to medical and radiological education remains 
limited. It has become a necessity, however, due to the amount of data that continue to increase in imag-
ing, both extractable by the human eye and extractable only by software. Data have empowered radiol-
ogists but also challenged them computationally because of their abundance and complexity.

The main topic of education in the years to come will be the role of AI in radiology practice, establish-
ing training programs to teach trainees how to carry out “supervisory duty.” Alongside this, AI will likely 
become a major instrument in radiology education: software assistants could off er new opportunities to 
bring learning into the ongoing practice of attending radiologists.

Trainees need to understand how AI can be applied in radiology, possibly how to assess the reliability of 
AI algorithms, and how to consider where and when to implement new AI algorithms, in order to avoid 
false positive/negative results that would aff ect patient management. Students should also be able to 
judge critically whether the tool truly adds value to patient care. Today, there is a need for resources to 
teach radiology residents about AI (e.g., the National Imaging Informatics Curriculum and Course specif-
ically for radiology residents, www.siim.org/page/niic 2021). 

7.2.1 AI in education in the short term
The AI tools currently available off er a vision of augmented intelligence, and radiologists are taking on 
new responsibility, on top of image acquisition and interpretation, as “active supervision of AI tools”; 
trainees will need to learn how to step into this role (Figure 2 depicts an example of a diagnostic fl ow-
chart that sees the radiologist as supervisor).

Figure 2. Diagnostic fl owchart of a patient with suspected kidney tumor using an AI-based 
tool generating a diff erential diagnosis with the radiologist as supervisor confi rming the 
current diagnosis. Notes: CT = computerized tomography; DD - diff erential diagnosis.
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Two signifi cant AI applicability domains are already diff usely employed in the radiologist’s daily work:
 

1. Computer vision AI systems facilitate the performance of the following main tasks within medical 
imaging: classifi cation with abnormality detection, anatomic segmentation (Figure 3), image quality 
assessment, improvement of protocols and worklists, and extraction of new biomarkers from raw 
imaging data.

2. Natural language processing (NPL) has the ability to understand human language and might be 
applied to several tasks with regards to exam reports (Figure 4).

Specifi cally, AI and NLP can aid as time-saving tools for decision support, to build a searchable database, 
to monitor trainees’ performance, and to build student portfolios (Tajmir and Alkasab 2018).

Figure 3. Case example of prostate MRI with a computerized automated system for segmentation and classifi cation of a 
suspicious area on T2WI. Notes: MRI = magnetic resonance imaging; T2WI = T2-weighted imaging.

Figure 4. AI and NLP advantages provided to radiologists in their daily practice. Note: DB = database
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7.2.2 AI in education in the long term
Potential advances in training will come from the increasing ability to process natural language, both written 
and spoken, to continuously monitor the work of trainees and attending radiologists, to shape teaching cases, 
to identify examinations that could become teaching cases, to help automatically annotate, export, and create 
educational modules, to associate relevant diagnoses, to compile a portfolio and compare the case experi-
ence to that expected for the trainee’s experience level, and to help trainees create better reports and avoid 
common pitfalls (use of ambiguous or unhelpful phrases such as “clinical correlation” “cannot be ruled out”).

The knowledge gap between trainee and attending radiologist continues to widen, but AI could build 
knowledge effi  ciently, and highlight and correct individual cognitive biases. The challenges addressed 
with AI are the lack of integrated access points to knowledge (currently being mainly books and lectures), 
lack of an eff ective tool to deliver the appropriate diagnostic thinking, of uniform diagnostic accuracy of 
trainees and medical students, and lack of control over time spent between trainees and teachers.

AI off ers solutions to several diff erent challenges (Duong et al. 2019; Forney and McBride 2020):

⊲ Often, young trainees are in the frontline of busy emergency departments and overnight shifts, 
where appropriate triaging of urgent cases and accurate interpretation of critical diagnoses is vital. 
AI might off er ordering support, automated protocoling, and acute case triage to trainees; on the 
other side, through the application of AI, educators might off er automated case logging, report dis-
crepancy detection, and annotated residence performance data.

⊲ Lesion measurement and volumetric segmentation are often time-consuming operations that could 
be automatized with AI to provide proper case interpretation and improve diagnostic accuracy.

⊲ During radiologic training, case fl ow assignment is often random and unbalanced. AI, with individu-
alized rotation of “must see” cases, might improve study interpretation, providing more educational 
cases with effi  cient distribution of resources (Figure 5).

Figure 5. AI could set individualized case-fl ow assignments to “must see” to improve study interpretation and provide 
more educational cases with effi  cient distribution of resources. The fi gure shows examples of less frequently encountered 
cases that radiology residents should be able to report.
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⊲ AI might provide an “intelligent” tutor/mentor to create virtual curricula for rotating trainees, to track 
learning performance, and to strengthen performance with challenging topics.

⊲ Trainees should be guided into the cognitive processes related to the diagnostic decision-making 
process. Diagnostic decisions can be “fast” or “slow” according to the clinical setting. AI can im-
prove slow decisions with systematic AI-based decisions, improving the quality of the diagnostic 
outcome and reducing time to diagnosis, thus increasing the number of reported studies; fast think-
ing can be optimized as individuals become familiar with cases.

⊲ To address the issue of high- and low-level supervision, AI might enrich the learning experience 
by creating trainee competency profi les, synthesizing and refi ning information, addressing errors 
in reasoning and discussing considerations from clinical best practice to management decisions 
(Figure 6).

Figure 6. AI might enrich the learning experience by creating trainee competency profi les, synthesizing and refi ning information, 
addressing errors in reasoning, and discussing considerations from clinical best practice to management decisions.

⊲ AI might promote interactive fl ipped learning (Bye 2018) for personalized education in order to 
optimize supervisor–trainee interactions with deeper discussions of clinico-radiologic sessions, as 
opposed to the traditional learning methods.

⊲ High-fi delity, stimulating training might provide real-time feedback and situational learning tailored 
to students’ learning, simulating mini-call conditions, extracting information from patient charts, and 
increasing autonomy under faculty supervision.

Duong and colleagues (Duong et al. 2019) proposed a novel AI model based on the creation of a trainee 
experience profi le. Table 1 summarizes challenges in medical training, the solutions that might be off ered 
by AI-based tools, and the derived improvements.
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7.3 Reliability and ethical issues
AI techniques require signifi cant rate-limiting research, development, and real-world validation with 
head-to-head comparisons. Trainee performance must be assessed through reliable and valid meas-
ures. Quality measures are integral to the improvement of radiology education (Sarwar et al. 2015). The 
learning theories may serve as metrics of the successes and failures of AI in implementation and practice 
(Walker et al. 2017).

A core idea in intelligent tutoring systems is that a student interacts with adaptive interfaces that person-
alize learning experiences based on the student and her current level of learning. However, AI can have 
both a positive and negative impact on learning. Although it may provide exciting new opportunities for 
adapting learning content based on the student’s individual characteristics and learning style, computer 
programs scale up very well, and AI can thus easily scale up bad pedagogical ideas (Tuomi et al. 2018).

7.4 Conclusions
The goal of AI is to understand some aspect of an individual’s health by considering a multitude of vari-
ables. As such, it is closely tied to the concept of “precision medicine,” which is a healthcare framework 
focused on prevention and treatment strategies that take individual variability into account. As AI allows 
us to move toward precision medicine, it favors the application of precision education by:

Table 1. Summary table of the challenges in medical training, with solutions that might be provided by artifi cial intelligence (AI) 
based tools, and the derived improvements.
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⊲ Introducing learning materials to the student, compiling a portfolio and comparing the case experi-
ence to that expected according to the trainee’s experience level;

⊲ Providing educational platforms that can be adapted to the student’s needs at any time;

⊲ Identifying what a student does and doesn’t know through diagnostic testing;

⊲ Developing personalized curricula based on the student’s specifi c needs, to tailor the learning ex-
perience for each individual student;

⊲ Introducing the virtual mentor and the virtual resident as novel professional/educational models.
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8  The Pediatric Simulation Games: an educational 
platform for European pediatric emergency 
medicine

Abstract
In recent years, high-fi delity simulation has emerged as a powerful teaching method in the fi eld of pediatric 
emergency medicine and critical care, facilitating long-lasting and rapidly achievable learning. To date, however, 
there has been no shared European educational method of simulation. Achieving this aim is of utmost impor-
tance in order to establish a common diagnostic and therapeutic approach to the care of critically ill children.

In this context, the Pediatric Simulation Games, an educational event organized by Sapienza University of 
Rome based on team competition and an innovative approach—“learning to play” and “playing to learn”—
represents a valid project to improve the training of pediatric acute care providers, and standardize knowl-
edge and skill acquisition through the involvement of diff erent European universities belonging to the CIVIS.

8.1 Simulation-based teaching
Currently, simulation-based teaching represents one of the most appealing educational resources. The 
success and spread of this phenomenon is due both to the progress of technology and the need to fi nd a 
more eff ective instructional methodology than classical lessons to stimulate the learning of new medical 
students (Bertazzoni et al. 2016).
Recent literature demonstrates increased retention of knowledge and skills after simulation-based train-
ing (Weinberg et al. 2009; Ojha et al. 2015). In pediatric emergency medicine in particular, simulation with 
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high-fi delity mannequins facilitates the learning of technical skills as well as the management of clinical 
scenarios, fostering competences that will prepare the future pediatricians to face real clinical cases in 
emergency departments (Cheng and Lockey 2015).

Teaching with simulation comprises three stages: (i) the introduction of the clinical scenario (one minute); 
(ii) the simulation itself (14 minutes); and (iii) the debriefi ng (15 minutes). A skilled instructor can therefore 
guide a scenario and evaluate the performance of the team in approximately 30 minutes.

This educational technique has several advantages compared to traditional teaching, with the student 
having an active rather than passive role:

⊲ Traditional teaching allows students to retain only 50% of what they see and hear, whereas a prac-
tical scenario of 15 minutes allows them to retain 80% of what they experience, activating all the 
senses.

⊲ The debriefi ng, with its three phases (gathering, analysis and summary), stimulates the student 
to make a cognitive eff ort and thus learn the correct management of clinical cases in the long 
term.

⊲ Simulation also allows the student to learn team-working skills, which would otherwise be impos-
sible to obtain with traditional teaching. Indeed, during the simulation the student must practice 
leadership and optimize group dynamics to achieve the best possible diagnostic therapeutic man-
agement, hence also practicing multitasking.

⊲ Finally, simulation enables learner engagement in a psychologically safe environment, allowing 
them to make errors without patient harm and without fear of judgment.

Although simulation is a model that has gained more and more consensus in recent years, new strate-
gies are required to improve the quality of simulation, develop validated assessment tools, engage the 
student, and enhance learning. In this context, “gamifi cation” is used as an adjunct to traditional teaching 
strategies in medical education to achieve these aims (Rutledge et al. 2018). 

8.2 The Pediatric Simulation Games
The Pediatric Simulation Games are an example of this process. 

The Games are now a fi xed appointment in the educational program of Sapienza University of Rome. 
Their objective is to improve the diagnostic and therapeutic skills of pediatricians in emergency med-
icine through simulation with high-fi delity mannequins, without neglecting the theoretical background 
that every student should obtain before participating in the Games. Indeed, adding an element of com-
petition between teams to the Games made students more willing to study and prepare harder before 
taking part, because of the natural instinct of teams to wish to excel.
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Currently, all Italian pediatric residency programs participate in the Games, sending reanimation teams 
composed of six or seven residents, which start their preparation and training six months before the Games. 
During the Games, fi ve international professors, renowned for their scientifi c contribution to pediatric emer-
gency medicine, work as judges, ideating the clinical scenarios and evaluating the teams at the end of the 
simulation. To allow every team to participate more, the Games are composed of four rounds, with play 
continuing for four days in a row. At the end, a fi nal takes place between the winners of each round. 

The mood of the games is “learning to play” and “playing to learn”:

⊲ Learning to play. In a friendly but highly technical competition, there is an international jury composed 
of major fi gures from global pediatric emergency care and simulation, from countries not directly in-
volved in the competition, who handle the education debriefi ngs at the end of each session.

⊲ Playing to learn. The residents have to study for a long time before the event and will continue stud-
ying even after the Games, preparing for next edition in order to improve and compete successfully.

The PSG is a stimulating and growing event, with previous student participants showing enthusiasm for 
the experience. Furthermore, over the past three years, a progressive increase in technical knowledge 
has been seen, for two additional reasons. First, in several teams, students who participated in previous 
editions of the Games have passed on their knowledge to members taking part in subsequent editions. 
Second, the clinical scenarios have been made progressively more complicated to stimulate the learning of 
new objectives. The main positive feedback from previous editions of the Games, however, is with regards 
to the spread of an improved standard of care among all Italian pediatric residents in terms of management 
of children with critical conditions. This has been made possible, fi rst, due to the involvement of an interna-
tional jury comprising major fi gures from global pediatric emergency care and simulation, and, second, due 
to the solid training outcomes achieved by students before the Games, with the aim of winning.

The Games are truly changing teaching methods with a new educational model, which has immediately 
led to unexpected eff ects on the training of pediatricians, ensuring uniformity in the management of child 
critical illness among future specialists. Thus the involvement of teams from other European countries 
could be very important to encouraging comparison between very diff erent pediatric residency pro-
grams and stimulating standardization of care. In fact, one novelty of the last edition of the Games was 
the participation of teams from other European countries. It has been interesting to see how, even with a 
background of diff erent training and languages, residents have created and participated in effi  cient mul-
ticultural resuscitation teams. In this regard, we think that promoting the Pediatric Simulation Games and 
other similar events within international programs such as CIVIS, which includes eight diff erent European 
universities, could be an important step forward in the development of a common academic approach in 
the area of pediatric emergency medicine.
 
The primary aim of this project is to create a strong educational network between CIVIS universities in 
order to achieve a common diagnostic and therapeutic approach for critically ill children and to guar-
antee the same high standards of care internationally. A secondary aim is to promote the exchange of 
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knowledge and to disseminate common updates on specifi c and relevant topics in pediatric emergency 
medicine. Our aim is that this shall be achieved by appointing a committee of pediatrics/pediatric emer-
gency care teachers in those universities participating in the CIVIS agreement, which develops common 
objectives and skills in those working toward the role of pediatric emergency physician, and which uses 
a common teaching method based on simulations and consisting of three stages: planning of the sce-
nario, teamwork and evaluation. It should also develop a common pediatric emergency medicine text-
book that is constantly updated and consultable in e-book format.

In this scenario, the Pediatric Simulation Games could represent an innovative and fun testing platform 
to verify the application of a new European educational method in the fi eld of pediatric emergency med-
icine, examining each university team’s ability to solve diff erent clinical scenarios, and the ability of teams 
composed of members from diff erent countries to work together.
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9  Humanities in 21st-century medicine: 
     a way to restore balance post-Covid

9.1  Introduction
In the last year and a half, the world we know has been turned upside down. The Covid-19 pandemic 
has changed the way we see and think of the world, probably for good. Nonetheless, perhaps this is the 
ideal moment to refl ect and see how we can learn from this experience, imagine it as an open and not a 
closed window. An opportunity. Life is never concerned with certainties but always with coping, learning, 
and benefi tting from uncertainties.
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Figure 1. © maradon 333/Shutterstock

In this short essay I will discuss how in medical edu-
cation the humanities should never be seen as soft 
skills added to the serious hard sciences but are in-
tegral and complementary. Around 100 years ago, 
William Osler, addressing the Classical Association 
at Oxford, called for a union between the Old Hu-
manities and the New Science. In part alluding to 
Shakespeare, he remarked, “Twin berries on one 
stem, grievous damage has been done to both in 
regarding the Humanities and Science in any other 
light than complemental” (Osler 1919). He was right. 
And now, during this pandemic, this is clearer. So I 
will briefl y discuss what the medical humanities are 
and why they are so needed, and give an example 
of how they can be implemented into medical edu-
cation and practice. 
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9.2  What are the medical humanities?
This is too short an essay to go into great depth about what the medical humanities are, however I will 
paint a few brushstrokes in attempting to do so. The term medical humanities was fi rst coined in the 
1940s by the science historian George Sarton (Hurwitz and Dakin 2009) and since then they have been 
developing at an interesting pace. They have gone through diff erent transformations, beginning with 
the medical humanities and mutating through the health humanities to critical medical humanities. Dare 
I say that perhaps the next mutation will be into ecological medical humanities? Two general defi nitions 
seem to me relevant in this short essay. The fi rst defi nes the medical humanities “as an inter- and multi-
disciplinary fi eld that explores contexts, experiences, and critical and conceptual issues in medicine and 
healthcare, while supporting professional identity” (Cole et al. 2015). The second sees medical humani-
ties “as an interdisciplinary fi eld concerned with understanding the human condition of health and illness 
in order to create knowledgeable and sensitive health care providers, patients, and family caregivers” 
(Klugman 2017). Both are interesting; from the fi rst I wish to emphasize “supporting professional identity” 
and from the latter its inclusion of patients and caregivers. Above all, the medical humanities should be 
inclusive since it seems that our main errors are born in exclusion.

Another example of a humanistic approach to medicine can be seen in the work, presentations, and es-
says of Iona Heath, the former president of the Royal College of Practitioners in London. In one essay, en-
titled “How medicine has exploited rationality at the expense of humanity,” she identifi es the dualism at 
the core of medical practice. This dualism goes back to the “Twin berries” of Osler: the scientifi c and the 
humanistic. Heath writes: “a rift runs through every consultation. On the one side, evidence has a huge 
part to play, assuming it is free of bias; on the other side is the substantive role for humanity. Clinicians 
must constantly bridge the rift because, as [Arthur] Kleinman writes, ‘physicians are poised at the inter-
face between scientifi c and lay cultures’” (cited in Heath 2016). This dualism makes the profession both 
a challenge and a privilege, for who else (apart from perhaps the priest or the grandmother) can have an 
insight into the hopes, worries, and dreams of the ordinary person? This is of course why medicine has 
always been an important source for art, textual or visual. The dualism exists since, as in the words of 
Siddhartha Mukherjee, “medicine is an uncertain science” (Mukherjee 2015), concerned not with cases 
but with people (Liao 2017).

9.3  Why the medical humanities now?
The entire world is living the pandemic together and although it is exacerbating the already existing inequali-
ty, we are still all aff ected to greater or lesser degrees. Perhaps for this reason, and this alone, the humanities, 
whose objectives are to try to make sense of the world we live in “by the recording and interpretation of hu-
man experience” (Arnott et al. 2001) are paramount now. Or, as Hetan Shah mentions in his revelatory article, 
“Covid-19 recovery: science isn’t enough to save us,” “science gave us vaccines, but SHAPE (social sciences, 
humanities and the arts for people and economics) disciplines help us get to social realities such as vaccine 
hesitancy. Humanities insight is more robust when STEM and SHAPE come together” (Shah 2021). Among 
other things, the humanities can help develop critical thinking, give insights into the diversity of the human 
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condition, promote interdisciplinary research into the human side of medicine, emphasize the importance of 
empathy and emotions, as well as physician well-being and resilience, and help cope with the uncertainty 
which, as we have seen, is inherent in 21st-century life. The medical humanities attempt to restore the bal-
ance, to help rehumanize medicine, but it is not only patients who suff er from this dehumanization, aggravat-
ed during the pandemic with the need to use PPE, and increase barriers and distances between carers and 
suff erers, but also the healthcare professionals. Healthcare professionals seen by some as heroes but by 
others as dispensers of unpopular policies have been alienated both from the ideals that drew them to med-
icine but also by the absence of united and coherent political policies, which have made their work doubly 
arduous. And this seems to be on a global scale since the lack of a concerted, unifi ed, and international policy 
to combat the pandemic has been pathetically and tragically obvious. Numbers of healthcare professionals 
have died, numbers have committed suicide, but countless more have been aff ected by burnout, depression, 
and post-traumatic stress. So, if the need to reinstall or restore the humanities into medical education and 
practice was required before the pandemic, it is now an urgent and critical necessity. The rehumanization of 
medicine involves an enhancement, restoration, and adherence to the humanity of both students, healthcare 
professionals, and patients. Williams and Turner put it succinctly when they say “the most fundamental of 
argument in favor of medical humanities is that they may allow or validate the greater understanding of the 
human condition as part of medicine” (Williams and Turner 2018).

9.4  How can we implement the humanities into medical education? 
Anton Chekhov allegedly remarked that “knowledge is of no value unless you put it into practice,” so 
how can we implement the humanities into medical education? In this section I will briefl y remark on a 
project that has this aim. The Doctor as a Humanist was started in 2017 as a response to the aforemen-
tioned dehumanization of medicine and an attempt to rehumanize it. It is an international organization 
of students, scholars, educators, and practitioners dedicated to the study, preservation, and promotion 
of humanism in medicine around the world. It has the underlying mottos of “bringing back the heart and 
soul to medicine” and of “looking for the person in the patient.” It aims for inclusiveness, internationality, 
interdisciplinarity, and intergenerationality. 

The Doctor as a Humanist has organized two face-to-face symposiums, one in Mallorca in 2017 and the 
other in Moscow in 2019, as well as three international online courses and two virtual symposiums; the 
fi rst was transformed from a face-to-face symposium planned to be held in Mexico City in 2020, and 
the second, New Realities in Times of Covid-19, was organized jointly with McGraw Hill Education. I will 
concentrate here on the fi rst virtual symposium, since it was a direct, heartfelt, raw response to the pan-
demic. New Realities in Times of Covid-19 deserves an article on its own.

The Doctor as a Humanist Virtual Symposium was inaugurated in April 2020, with the following words 
from John Donne, “No man is an island entire of itself; every man is a piece of the continent, a part of the 
main” (Donne 1624/1959). Donne wrote these words nearly 400 years ago after recovering from an in-
fectious disease, probably typhus. They seem to reiterate the feeling that all humankind has been living 
one shared experience. This symposium, a direct response to the Covid-19 pandemic, off ered a way to 
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try to make sense of the moment being lived through, as well as aiming to support and give some hope 
to healthcare professionals, medical students, and the general public. The symposium went on for two 
months, with a session being held every two weeks. In total there were nine sessions. The topics were: 
Caring for health professionals; I swear to take care of myself; Health narratives in times of Covid-19; 
Covid-19: an international experience; Humanitarian medicine: a vocation; Poetry can save us; The power 
of music; Complementary ways of doing medicine; and Medicine and philosophy. The response to this 
series of symposia was encouraging, with 240 students, professors, residents, and healthcare profes-
sionals from 24 countries and 47 participating universities attending the sessions. There was a deep 
sense of international collaboration and of trying to do something together for the benefi t of all. In these 
trying and testing times, humanities is a way to express our nature and essence; in other words, a way of 
expressing what it means to be human. And this is essential.

9.5  Conclusion
Returning to John Donne’s same poem from 1624, he continues, “any man’s death diminishes me be-
cause I am involved in all mankind.”
 
We need our fellow humans now more than ever. The words of one of the members of The Doctor as a 
Humanist also ring true: “I have no doubt that medical humanism and the arts are already helping; and 
they will help us to learn to take better care of our patients, our loved ones, and ourselves” (Soriano 
2020). So too do those of Albert Schweitzer: 1 “I have given up the ambition to be a great scholar. I want 
to be more—simply a human” (Schweitzer and Bresslau 2003; Globokar 2015). To be more human, and 
more humane is indeed a worthy aim, but we need to balance this with our relationship with the world 
around us. As the French author Sylvain Tesson says, “The world was a jewel box. The jewels were in-
creasingly rare, since humankind had helped itself to much of the treasure” (Tesson 2021).

Humans need to learn to take care of the remaining treasure; the forests, the seas, the animals, and all 
that we have failed in such a short time, not just to cherish but to conserve. Coope places this in the 
context of the Covid pandemic, writing that fi gures from the UN and WHO “have drawn attention to rela-
tionships between human impacts on the natural world and human disease pandemics, suggesting that 
Coronavirus is a warning to us to mend our broken relationship with nature” (Coope 2021).

The key is balance, and this leads me to look back to the image of the tightrope walker (Figure 1) at the 
beginning of this short text, and to remember two famous 20th-century painters: Georges Braque and 
his fellow Cubist revolutionary Pablo Picasso. Both are relevant since Braque, speaking of his relation-
ship with Picasso, mentioned that they “were like mountain-climbers roped together” (https://news.mas-
terworksfi neart.com/2017/07/11/georges-braque-and-pablo-picasso). This parallels Osler’s “Twin berries” 
refl ection of the importance of the symbiotic relationship between the sciences and the humanities in 

1  Medical missionary and theologian. He was awarded the Nobel Peace Prize in 1952 after a lifetime’s work in western Africa.
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medicine. Symbiotic but fragile and vulnerable, and illustrated by the tightrope image, where balance is 
critical. So, let us imagine that this image refl ects the importance of embracing uncertainty and restoring 
the integral balance between the sciences and the humanities. Our lives depend on it.
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10  Using moral dilemmas in medical ethics   
educations

10.1  Introduction
More and more, our personal and professional lives are intertwined with (or shaped by) new technolo-
gies. Living in an interconnected world where physical boundaries can no longer hinder us from teach-
ing and training professionals located hundreds of miles away creates a pressing urgency to carefully 
assess the impact and potential of such technologies for education. Several technologies are specifi cally 
being developed in order to better train health professionals. Virtual reality (VR) off ers the opportunity 
to immerse health professionals in diff erent scenarios, and to learn from virtual experiences and conse-
quences without taking any risks (Jeon et al. 2020). VR was also used to develop a training tool for audi-
ology (Bakhos et al. 2020) and ultrasonography (Hu et al. 2020), and even for showing how to conduct 
basic medical procedures like CPR (Jaskiewicz et al. 2020).

The focus of our chapter is to review the use of moral dilemmas in medical ethics education, taking 
into account the new technological opportunities. A fi rst aim will be to distinguish between two main 
approaches in accounting for the role of dilemmas in teaching medical ethics (which we label “princi-
ple-centered” and “experience-centered” for convenience). While at fi rst glance they might seem incom-
patible, we will suggest that each could play a signifi cant part in medical ethics education, provided their 
respective scopes are clearly defi ned. As our second objective, in the fi nal section we will show how 
digital technologies can be deployed in order to enrich both approaches.

10.2  Medical ethics education and moral dilemmas
In both medical ethics handbooks (Kushner et al. 2001; Bedzow 2018; Hope and Dunn 2019) and edu-
cational articles (Giubilini et al. 2016; AlMahmoud et al. 2017; Bedzow 2020) there is a clear assumption 
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that ethical education has an essential role in the training of future health professionals. Even authors 
who tend to be rather skeptical with regard to the eff ectiveness of ethics courses for medical students 
seem to agree that such courses might play a legitimate role in medical education, at least as a signal 
that medical professions have not lost their moral compass (Sokol 2016). But the experience of countries 
like the UK, where we can trace a 40-year time span of institutional development in medical ethics train-
ing, leaves quite a number of questions unanswered (Stirrat 2015). We are still far from a consensus in 
terms of how medical ethics should be taught or how medical students should be evaluated (Savulescu 
et al. 1999), and there is a lot of work still to be done in establishing adequate measures for the impact 
of medical ethics courses.

Tough moral dilemma-like choices are common for medical professionals, and sooner or later they will 
probably fi nd themselves in a position where they will be required to recognize and deal with them. 
Dilemmas are so troublesome because they are situations in which we seem to lack a unique morally 
ideal option: no matter what we choose to do, something really undesirable will eventually happen. What 
should a doctor do when a patient’s autonomous decision is to refuse the only course of treatment that, 
according to the doctor’s medical opinion, can save her life? How are we to distribute scarce therapeutic 
resources (Farrell et al. 2020)? When are the medical research risks acceptable, and on what grounds? 
There are many other morally charged issues as well, which have radically divided society over the 
past decades, like abortion, euthanasia, embryonic gene editing, and transgender medical surgery. One 
could even argue that medical professions are under an unfair moral pressure sometimes fueled by the 
unrealistic expectation that doctors should have an answer to each moral dilemma as a matter of profes-
sional opinion.

While such an expectation might indeed be rather over-demanding, sadly dilemmas are rather a feature 
than a bug in the professional life of a medical doctor. Although the situations that health professionals 
usually face in practice do not always exhibit the same kind of clear dramatic confl ict that we encounter 
in hypothetical cases from textbook moral philosophy, it is still worth asking whether the latter can be 
part of a suitable method to prepare health professionals for coping with medical moral dilemmas.

10.3  Principle-centered approaches to dilemmas
We are going to use principlism as the main illustration for the principle-centered approaches (PCAs), 
but many of its core tenets when it comes to moral dilemmas are also to be found in classic moral theo-
ries, like deontologism or utilitarianism. Hypothetical dilemmas are commonly used in PCAs, mainly for 
testing certain normative claims. For example, does deontology admit exceptions to moral rules? If lying 
is morally wrong does it mean that it is wrong to lie in all possible situations? What if, like in the famous 
example, the life of a friend depends on your willingness to lie? Say that one of your best friends hides in 
your home because someone wants to kill him. Shortly after that, someone knocks on your door. When 
you open the door an angry man stands in front of you, axe in his hands, and asks you a direct question: 
is your friend here? You can choose between telling the truth and risking your friend’s life or lying. For 
a philosopher like Kant (1949), who is quite reluctant to admit exceptions, this dilemma is challenging. If 
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he admits exceptions (i.e., lying is sometimes morally justifi ed, although we have a duty not to lie), then 
it is hard to defi ne under what conditions lying becomes permissible. If we are not careful and we rush 
into admitting that we are allowed to lie in order to avoid bad consequences, then we are open to the 
objection that we have in fact abandoned deontologism. Moral philosophers use dilemmas to challenge 
theories or to test moral claims, and typically debate or discuss them from a third-person point of view.
Beauchamp and Childress (2013) have assembled “principlism” by combining the central points of the 
“grand” classical moral theories as applied to the specifi c domain of biomedical sciences. They clustered 
the moral duties, values and obligations specifi c to biomedicine under four main principles: autonomy, 
benefi cence, non-malefi cence, and justice. 

The principlist view was just as intensely criticized and defended over the years, but it probably remains 
one of the most infl uential approaches in biomedical ethics today. The “Georgetown mantra” (as it is 
sometimes referred to) was accused of being “imperialist, inapplicable, inconsistent and inadequate” 
(Huxtable 2013, p. 40) because it promotes the moral values of a particular culture. Other authors object 
that it fails to articulate a unifi ed theory (Clouser and Gert 1990) or that it fails to account for the addition-
al moral responsibilities doctors have like expressing regrets, apologizing and making amends (Fiester 
2007). We will not try to defend principlism as a moral decision-making procedure, nor take any particu-
lar stance in this debate here.

Principlism can be interpreted both as an action-guiding theory or a justifi catory method for decision-mak-
ing (Hine 2011). While Beauchamp and Childress do indeed describe a multiple-stages procedure for 
reaching a moral decision (with the most important steps, arguably, being the “specifi cation” of principles 
and the “balancing” of reasons), principlism can be viewed minimally as a normative justifi cation process 
where reasons and justifi cation are somehow more important than the decision itself. When it comes to 
diffi  cult dilemmas, it off ers us a tool for mapping the moral problem at hand.

Principlism, like other PCAs to dilemmas, off ers a theoretical framework for analysis, useful for assessing 
what precisely is the source of the moral confl ict in a decision situation. A PCA off ers health professionals 
a method to grasp the moral confl ict in dilemmas by uncovering the principles (or values) that stand in 
tension. For example, when doctors encounter patients who do not consent to the best treatment option, 
asking instead for a less effi  cient but pain-free solution, the diffi  culty can be described as resulting from 
a tension between the principle of autonomy and the principle of benefi cence. Moreover, doctors can 
easily recognize their own personal dilemmas as tokens of a more general type, and look for a resolu-
tion to the general issue that takes out from the equation more personal considerations. This can also 
provide an institutional advantage, as an important tool to shift the burden of responsibility from health 
professionals to a predefi ned protocol generated using a principlist method to assist decisions.1 Such 
a shift might prove extremely valuable in certain situations, as it may help reduce emotional distress 
among medical doctors faced with impossible decisions. For example, in the current Covid crisis, the 

1 This point, as well as the short discussion and example that follows in the paragraph, was suggested by our colleague 
Elena Druica.
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limited number of beds available in intensive care led to doctors having to choose between patients. An 
external protocol, embedding moral rules derived from accepted principles, may act as a mitigator for 
the stress experienced by the doctors faced with such decisions.

As a teaching strategy, principlism off ers a particular method of analyzing the dilemmas by specifying 
moral principles, and by trying to balance the ethical requirements that they generate. Specifying the 
principle of autonomy, for example, includes the desideratum that the patient needs to be well informed 
and consent voluntarily to the therapeutic option. The rules of informed consent are thus justifi ed as 
specifi ed requirements of the principle of autonomy.

Although Beauchamp and Childress are confi dent that moral dilemmas can be clarifi ed by specifying and 
balancing moral principles, they do not claim that principlism can lead to a solution for each imaginable 
biomedical dilemma. Especially when it comes to hard moral dilemmas they argue that it is important to 
acknowledge them as they are: dilemmas with no clear-cut moral answers. If we take this more reserved 
and humble attitude that they recommend, then the unwarranted moral expectation that all moral dilem-
mas have a unique solution might be defl ated (2013, pp. 12–13).

By starting from theoretical moral concepts and principles, the PCAs enable health practitioners 
to understand the conceptual features of moral dilemmas. Their debates and discussions over di-
lemmas will be theoretically sound and better articulated analytically. The normative background 
confi nes the participants or students to approach the dilemmas from a more detached and objective 
standpoint, making it easier for health practitioners to off er solid moral reasons in support of their 
decisions. All these particular features of PCAs are even more useful when the purpose is to create 
or assess a policy or a procedure, since specifying principles might lead to more straightforward 
results in such cases.

Another advantage of a PCA is that it can be used in an exploratory or anticipatory fashion. Five years 
ago (we are writing this chapter in early 2021) a discussion in a medical ethics course about the ethical 
challenges of a generalized global pandemic would have seemed far-fetched or purely hypothetical. 
However, contemplating the dramatic reality of the Covid-19 crisis, saying that health professionals would 
have been better prepared to cope with it if such hypothetical scenarios were more often discussed in 
medical ethics courses and training over the previous decades, seems like a fairly reasonable point to 
make. The normative and conceptual structure of a dilemma (as a confl ict of principles), in a PCA, is not 
sensitive to context or “reality”: it remains the same irrespective of whether the case happened, will 
happen, or will never happen.

Using PCAs in medical ethics education will lead, according to its proponents, to students or participants 
getting a fi rmer grasp of moral concepts (values, principles, duties, or rules) and a more systematic un-
derstanding of the sources of moral confl ict. It will also help them understand the moral justifi cation for 
the various regulations of the conduct of health professionals and of their interactions with patients and 
society at large.
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However, a PCA is not a one-size-fi ts-all solution for medical ethics pedagogy, and we should be aware 
of its potential weaknesses. Analyzing dilemmas from an abstract principled point of view is epistemical-
ly demanding: participants need to understand the principles, use a specifi c normative vocabulary, and 
know how specifi cation and balancing work as theoretical steps in the analysis. The last requirement in 
particular is far from trivial even for people with solid training in moral philosophy, so the objection goes 
that it is too much to impose it on students without such a background.

Using a specialized normative vocabulary helps organize the debate, but discussions could easily slide 
into a quarrel over the content and the nature of the principles, values or rules. For example, the principle 
of autonomy signals a lot of content: it is easy to imagine a lot of things but it is hard to defi ne and clarify 
it with surgical precision. While such exposures can be important and enriching, their intrinsic conceptual 
complexity and time-consuming nature might lead to the course or training being “hijacked” and turned 
into a purely philosophical lecture.

There is also a risk that participants might get the feeling of being taught what to do or being judged for 
their past decisions. In particular when there is a gap between the theoretical framework and the moral 
intuitions, expectations or experiences of the participants, exclusive reliance on PCAs might not gener-
ate the kind of moral motivations and action-guiding capacity that are often expected as outcomes of an 
ethics course (although the question regarding the measurement of the outcomes remains).

10.4  Experience-centered approaches
As opposed to the theory-laden outlook that is specifi c to PCAs, experience-centered approaches (ECAs) 
deploy dilemmas as an educational means to refl ect personal experiences, arouse the interest of partic-
ipants and initiate a dialog or a debate between them, or between them and the trainers. ECAs do not 
discount knowledge of moral theories nor do they argue directly against the normative relevance of a the-
oretical framework; they merely place the lived experiences of attendees in the foreground, claiming that 
moral dilemmas are dialogical issues solvable through discussion and participation. Most likely, it is the 
particularist theories of morality (Dewey 1996; McGee 2003) that off er a source of conceptual and meth-
odological inspiration, rather than the “grand” moral outlooks captured by deontology or utilitarianism.

The moral case deliberation (MCD) method is in our opinion a very clear illustration for ECAs. It enables 
medical practitioners to discuss their experiences, understand and try to fi gure out what could be done 
in diff erent moral cases (Abma et al. 2009; Molewijk et al. 2008; Stolper et al. 2016; Tan et al. 2018). 
MCD engages the medical staff  in a dialog without risking to start a moral debate in a dogmatic fashion, 
meaning that they do not assume before the debate or discussion what is morally wrong or good (A.C. 
Molewijk et al. 2008, p. 123). MCD relies on the dialogical method, which allows trainers to initiate the 
discussion with the aim of clarifying misunderstandings through open communication and interaction.

It remains however rather underdetermined how the dialogical method clarifi es normative confl icts while 
not relying on any particular normative framework. As part of the “dilemma method” advocated by the 
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proponents of MCD (A.C. Molewijk et al. 2008, p. 124), participants are informed that there is no guar-
antee of a consensus or solution after an ethical medical dilemma is raised. A general moral question is 
formulated, and then several personal opinions are expressed, highlighting diff erent points of view and 
their justifi cations. This way, it is hoped, attendees will recognize salient moral features, and transform 
their possible feeling of powerlessness into a positive and constructive attitude.

Moving personal experiences to the forefront enables medical personnel to share their own thoughts 
and work-related dilemmas. Compared to the PCAs in teaching medical ethics, the dilemma method 
in MCD is more interactive as long as participants feel comfortable enough, and trust the trainers and 
other attendees, who are often their own colleagues. Also, when everyone needs to express their own 
opinion and insists on the fact that moral truth does not exist, it off ers the health practitioners the comfort 
to readily be engaged in a discussion and start a dialog with someone who doesn’t share their point of 
view. The idea of epistemic authority is disavowed, while paternalistic authority and moral exhortation 
are kept to a minimum.

One of the charges that proponents of MCD bring against “top down” theoretical approaches that rely 
heavily on abstract principles is that they are inherently paternalistic. Irrespective of the merits of this 
objection, the alternative of a purely subjective or relativistic moral universe might be just as unappeal-
ing. If all moral rules of medicine are to be dissolved in personal experiences and only dilemmas that 
are “felt” do count, then it is reasonable that the expectation of predictability in the moral behavior of 
health professionals should be dropped. Furthermore, it seems diffi  cult to reconcile denying the idea 
of moral authority with accepting the relevance of epistemic authority (for example, of doctors about 
medical issues).

Although health professionals in MCD can take into account the interests of patients, it is still unclear 
how they are represented, since patients do not typically take part in MCD training. This is further com-
plicated by the assumption that all personal experiences are at least prima facie equally relevant. Of 
course, getting access to the personal experiences of patients is not always possible, as in the case of 
neurologically impaired patients, babies, etc. But it is unclear how ECA deals with these sorts of dilem-
mas since it relies primarily on the personal experiences of health professionals.

From a pedagogical point of view, if experiences are the crucial ingredient, then obviously par-
ticipants need some clinical experience. Therefore medical students in their fi rst years would not 
benefi t from proper ethical training, potentially being unprepared to cope with work-related moral 
dilemmas.

One of the fundamental diff erences between PCAs and ECAs stems, in our opinion, from the diff erent 
manners in which they answer the question “What comes into a dilemma?” A general point made by 
Solcan (1998, p. 22) can be helpful in rendering the diff erence intuitive. He distinguished between the 
“structure” of a dilemma or hypothetical case (which encapsulates the main confl ict or tension in the 
scenario) and the more theatrical details that give narrative color to the story. For Solcan, a dilemma can 
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be suffi  ciently described, from a theoretical point of view, in terms of its structure. To take the example 
of the most famous dilemma in contemporary moral philosophy2, it is irrelevant from this perspective 
whether we are talking about a trolley or any other possible danger, or about people being tied up to the 
rails or being, say, locked up in diff erent rooms, etc. The only thing that matters at the end of the day is 
the choice between actively saving a larger number of people at the cost of sacrifi cing one, or letting the 
larger number of individuals die. For Solcan, as for PCAs, dilemmas are content-thin.

In ECAs, on the other hand, dilemmas are the actual lived experiences of the agents, and no detail is 
just a simple narrative accessory. Your feelings or the weather that day, the fact that the patient was 
wearing a blue blouse, everything comes together in the dilemma-as-experienced. Such details might 
look unimportant if seen through the lenses of the moral theorist, but we know from a broad empirical 
literature how (arguably) normatively insignifi cant features do actually heavily infl uence moral judg-
ments and decision-making (Petrinovich and O’Neill 1996; Haidt 2012; De Freitas and Johnson 2018). 
So, while probably less central from a purely normative standpoint, the content-rich descriptions of 
dilemmas could prove to be more accurate in depicting the decision-making problems faced by real 
agents in real situations.

While the epistemic assumptions of PCA and ECA are very diff erent, and they might look rather incom-
patible, we think they both can claim a legitimate place in medical ethics education, as long as we can 
defi ne some “division of labor” between them. A fi rst and quite obvious suggestion is that PCAs are 
more appropriate for introducing medical ethics to students lacking the relevant clinical experience, 
since ECA-inspired tools like Molewijk’s dilemma method would not be available in their case. On the 
other hand, ethical training for experienced health professionals, equipped with relevant experience and 
some moral reasoning tools, might benefi t more from an ECA approach confronting diffi  cult moral deci-
sion-making situations encountered by participants.

Another avenue for delineating the respective domains of PCA and ECA in medical ethics education 
might consider the nature of the issue that is to be tackled through ethical training. Imagine that the par-
ticipants will be the new members of an ethics committee tasked with drafting the ethical regulations or 
codes that will govern a clinical or research setting. In such a situation, it is reasonable to assume that ap-
proaching dilemmas from a principled standpoint and making clear the general structure that is common 
for a potentially large number of cases would be of signifi cant practical benefi t for the trainees. On the 
other hand, if the objective of the ethical training is to solve a very local issue, tied to a very specifi c med-
ical organization (e.g., an ethically toxic climate in the workplace), then an ECA looks like the way to go.
While this chapter focuses on exploring the diff erent outlooks embedded in the two approaches to moral 
dilemmas, it might be worth highlighting one crucial point of agreement. When it comes to the ethical 
education of medical students and professionals, both PCA and ECA recognize the importance of moral 
dilemmas as a pedagogical tool. An ethics course constructed as a mere collection of norms and inter-
dictions can be of informative value, but if one of our objectives is to train students’ ability for ethical 
reasoning and analysis, then confronting and discussing dilemmas will be instrumental.

2  We are referring to the trolley dilemma formulated for the fi rst time by Philippa Foot (1967). 
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Moreover, as we will argue in the next section, the new digital technologies off er very promising opportunities 
for both pedagogical approaches, potentially expanding their application and improving learning outcomes.

10.5  Digital technology, moral dilemmas, and medical education
As hinted in the introduction to this chapter, emerging technologies have already been used for a while 
in medical education, either to teach participants how to conduct certain medical procedures or how to 
operate particular medical devices. But, recently, digital technologies were also proposed as tools for 
the ethical training of medical students and professionals.

Filmed clinical scenarios were used in order to immerse students in VR-generated moral situations (Torda 
2020). The CLASSIE modules described in Torda’s paper might prove very useful to fi ll one of the gaps 
in deploying an ECA, since they would enable the students who were not personally confronted with 
ethically diffi  cult clinical situations to get some fi rst-person experience of the dilemma, to discuss it with 
the instructors, and to ask specifi c questions based on their own digitally generated experiences. This 
technology is promising for both students (inasmuch as they will be off ered a more engaging learning 
setting) and for the instructors who can now focus on discussing and clarifying certain misunderstand-
ings rather than trying to engage the students in a theoretical endeavor over diff erent moral scenarios.

Digitally enhanced scenarios off er attendees a risk-free environment where they can tackle multiple 
moral dilemmas. The participants can experience diff erent outcomes, link their decisions with probable 
consequences, inspect the underpinnings of their own decision-making process, think about how they 
can act diff erently in the future, and last but not least learn how to cope with their own decisions.

As a pedagogical tool for medical ethics, virtual reality (VR) enacts content-rich moral dilemmas that can 
in turn be used to study moral decision-making (Niforatos et al. 2020) or even to understand the behav-
ior of health professionals when faced with a moral dilemma (Francis et al. 2016).

Although VR is a powerful technological enhancer, with exciting educational applications, its eff ects on 
selfh ood and the way in which the digital experience might infl uence our choices as moral agents in re-
al-world settings remain unclear and a matter for debate (Zahiu 2019). 

Gamifi cation is another very promising educational technology (Hamari et al. 2014), and has turned out 
to be quite eff ective in other disciplines, for example in teaching computer-programming languages 
(Elshiekh and Butgerit 2017). The basic concept of gamifi cation is to engage participants in a setting 
organized as a game, challenging them with specifi c tasks, allowing them to advance in the game only 
after they fulfi ll the tasks and get in turn rewards (points or even certifi cates).

Dilemmas can be used as game scripts by developers to engage the users in fi rst-person and third-per-
son scenarios highlighting diff erent outcomes and particular features. For PCAs, a third-person “gaming” 
perspective comes at hand, while for ECAs fi rst-person perspectives would probably be more valuable, 
immersing the participant in rich content (sound, images, interaction between avatars, and so on).
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Gamifi cation off ers real support for a PCA since one is able to create a controlled environment and 
design dilemmas based on theoretical concepts. For example, we can easily imagine several dilemmas 
embedding a confl ict between the principle of justice and the principle of benefi cence without being 
constrained by reality. This feature enhances the exploratory use of PCAs, since medical professionals 
will train to be prepared even for hypothetical but possible scenarios. This feature is especially valuable 
for medical professionals working in the fi eld of emergency and disaster management.

In this chapter we have surveyed the two main approaches to the use of moral dilemmas in teaching 
medical ethics. We have concluded that both a principle-centered and an experience-centered approach 
would benefi t from the current advancements in digital technology, which has the potential to bridge cer-
tain gaps. While supportive of the pedagogical use of instruments like VR and gamifi cation, we admit that 
there are still open questions regarding the appropriate measurement of the impact of ethics courses in 
terms of their actual infl uence on the future behavior of the trainees (Campbell et al. 2007). However, if a 
central aim of ethical education in medicine is to produce ethical doctors, then their ability to recognize 
dilemmas, analyze them, interpret and come to terms with their own personal and professional experi-
ences, must somehow be part of the desired outcome.
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11  Toward an open medical school: liquid education 
of surgery practices through Operemos

Abstract

This chapter presents a preliminary approach toward an open medical school in hospitals through a new 
Spanish educational technology: Operemos. It describes this innovation in medical education, which 
works as an online teaching opportunities manager to fl exibly promote practices and rotations in sur-
gery. The new system supports teaching, learning, assessment, and management processes from med-
ical students’, clinical teachers’, and educational managers’ sides. It produces a new dynamic of fl uid 
higher education practices in clinical settings, which interconnects a set of factors to off er an educational 
experience customized by the student, who can select diverse online and face-to-face learning opportu-
nities designing their own educational itinerary to achieve their teaching objectives. It requires students’ 
engagement, commitment, and integration in the generation of resources and providing feedback for 
assessments, which is the co-responsibility of teachers and students in medical education. Similarly, 
teachers off er many opportunities to a limited number of students, including digital materials, delivery, 
and assessment within the platform. All elements and actions are tracked and registered for diff erent 
educational purposes, and prospection can ensure quality processes. Thus, it can enhance student mo-
tivation and self-directed learning, while promoting a change in planning, delivering, and assessing liq-
uid training in hospitals, with fewer barriers and updated information to ensure the connection between 
educational agents, the quality of the education provided, strategic use of all types of resources, and 
continuous evaluation. An overview of this new concept of an open medical school through Operemos, 
followed by a technical view of its structure and functionality, will show how this new platform can off er 
a current pandemic solution and future medical education.
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11.1  Introduction
“Operemos” a Spanish term that can be translated as “let’s operate” is an online platform that is changing 
medical education practices and rotations in surgery within teaching hospitals from the ‘Universidad Autóno-
ma de Madrid’ (UAM), such as the University Hospital Fundación Jiménez Díaz (UH FJD), among others.

It was created in 2019 by Dr. Héctor Guadalajara and implemented by Veni Vidi Surg, S.L., after a proof 
concept pre-tested through a pilot study within the General Surgery and Digestive Unit at UAM and UH 
FJD in 2020 (Guadalajara et al. 2021), the year of the beginning of coronavirus disease (Covid-19). It pro-
vided a solution to enable the continuation of surgery practice in hospital. This chapter describes how 
Operemos is transforming medical education toward an open school, and aims to fi rst theoretically, and 
subsequently practically, show the basis of Operemos and how it works from the perspective of medical 
students, clinical teachers, and managers.

We will describe how Operemos was conceived, how it works, and its extension and possible use in 
other settings and contexts. For this reason, we will start by introducing the theoretical constructs in 
which Operemos has been based, and describe later its current structure and functionality, ending with 
a refl ection regarding its current use and rapid evolution.

11.1.1  From opening up education to open schooling
Open education (OE) is a movement that has grown alongside the evolution of the internet and edu-
cational technologies (EdTech) toward the universal opening up of content and knowledge. According 
to Iiyoshi and Kumar (2010), the implications of opening up education can be summarized in a set of 
recommendations, which include key questions to consider when envisioning the opportunities and 
challenges it brings to our systems and societies:

⊲ How can OE tools, resources, and knowledge improve education quality? How can OE improve 
what already exists? Through “social pedagogy” in blended and boundary-less education, toward 
blended learning environments involving good combinations of face-to-face and online educa-
tional settings, integrating pedagogical methods with new network-based learning tools to deliver 
quality educational opportunities through connecting experts and learners in settings that, before, 
had been almost inaccessible (e.g., an operating room (OR)).

⊲ How can we rethink resources, relationships, and rewards? Progress is made through changing 
practices and policies. As in disciplinary research, OE advocates teaching needs to be open and 
built on others’ good practices (i.e., active learning).

⊲ How to recontextualize roles and values? Through accreditation and certifi cation. Educators are 
starting to slightly change their roles. Technology has a role in facilitating this transition.

⊲ How is governance managed in OE? The distributed nature of the collective eff ort can be critical 
for value, viability, and sustainability.
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⊲ How to facilitate the know-how of OE initiatives? It must be easy for all users. It is crucial to trans-
form “tacit knowledge” into “commonly usable knowledge.”

⊲ How have mechanisms to harvest, accumulate, and distribute the new educational assets been 
designed? Through replication, as in research. For instance, OE should be growing and constantly 
improved by its agents and others interested in joining.

However, education is a human process that implies good communication between the actors involved 
in it, who are usually teachers and students in direct contact (online or face to face), and indirectly en-
gaged with through other intermediate key roles (e.g., managers). Furthermore, in OE and EdTech, other 
actors infl uence the learning process who support how technologies shape and support teaching and 
learning processes.

This contemporary educational transformation has also connected with a new concept, Open School-
ing (OS), which is defi ned as “the physical separation of the school-level learner from the teacher, and 
the use of alternative teaching methodologies, and where feasible, information and communications 
technologies (ICT) to bridge the separation and deliver the education and training” (Phillips 2007, p. 12). 
According to Abrioux and Ferreira (2009), OS has the aspiration of making education available to all 
further open and distance learning (i.e., e-learning). The principal behind OS is that each institution can 
select what type of education can fl exibly be provided through these new forms of teaching, learning, 
and assessment through ICT.

In medicine, OE and OS have classically been applied through higher-education initiatives such as mas-
sive open online courses (MOOC) on health sciences (Liyanagunawardena and Williams 2014). These 
short OE courses are usually based on the Coursera platform, in the English language, and are usually 
off ered by prestigious universities. Thus, current traditional higher-education models of continuous edu-
cation have been moved to online environments to off er more massive rather than personalized educa-
tion, and are theory or introductory driven rather than practical or in specialized areas, which are current 
gaps that need to be covered in OE and OS, especially in health sciences and medicine. For instance, 
specialties such as surgery require the personalization of educational strategies during continuous face-
to-face practice.

11.1.2  From liquid modernity to continuous evaluation in fl uid education
Another key infl uence in the creation of Operemos has been the sociological construct of “liquid mo-
dernity” coined at the beginning of this century by Zygmunt Bauman (2000). He states that “fl uidity” and 
“liquidity” are metaphors to extend to the dynamic nature of present societies, and can be considered a 
visionary concept that has acquired recognition during pandemic times.

In higher education, this adjustment seems to be creating a new, urgent, and indeed unprecedented 
setting for educational processes, and challenges for educators and students during Covid-19 times. In a 
liquid-modern setting, teaching and learning alike are “de-institutionalized” (Bauman 2005), highlighting 
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the value of fl exibility and provisionality in terms of generation of knowledge without rigid patterns or 
physical and technological constraint.

In fl uid education, course evaluation through a continuous assessment strategy facilitates measure-
ment of learners’ competences at any time. This approach promotes learner self-regulation through 
continuous evaluation (Coll et al. 2007), looking for new ways to facilitate teachers to follow students’ 
learning process, gathering multiple outcomes while supporting them in acquiring and using autono-
mous regulation competencies. Similarly, students have continuous information about their learning 
process and results, with possible opportunities, resources, and ways of improving them. Here is 
where EdTech has a role in driving learning assessment if learning activities are, simultaneously, as-
sessments.
 
Nevertheless, the pandemic has highlighted the need to start planning, using, and testing more fl exibly 
liquid continuous evaluation to ensure education can rapidly adapt itself to unexpected circumstances, 
maintaining optimal outcomes for all educational agents. Indeed, the aim is to educate with non-rigid 
instructional designs, while keeping agents on track to ensure educational quality independently of 
co-occurrences or turning points.

11.1.3  Humanistic medicine in higher education
Operemos has tried to respond to these ongoing movements, including the last one, which infl uences 
EdTech: the humanistic approach (i.e., person-centered approach). In medicine, this approach centers 
practice in the patient–physician relationship to protect human communication from technical or bio-
medical advances (among other things, such as bureaucratic infl uence on electronic health records; 
Gorlin and Zucker 1983).

Similarly, humanistic training is recognized in medical education as applying scientifi c knowledge and 
technical skills for the emotional, social, and cultural needs of individual patients and their families (Swen-
diman et al. 2019). Universities are increasing its presence in medical education curriculums with core 
humanistic values: professionalism, interpersonal and communication skills, cultural competency, and 
empathy (Hartzband and Groopman 2009).

At present, medical competencies such as listening, respect, caring, compassion, and support in the 
clinical encounter pose more risks than was the case in the previous century (Schattner 2020). In the 
case of academic surgeons, key humanistic attitudes seem to be humility, responsibility, high perfor-
mance, and respect, adding a “standard of behavior” (i.e., respect and empathy; Swendiman et al. 
2019). The infl uence from past role models sustains practice and a sense of mission (e.g., to transfer 
their humanism on to their students and residents). Thus the promotion of humanistic attitudes in 
teaching surgery can be undertaken through medical education practices, rotations, and residency 
periods: modeling, highlighting these characteristics in practice, applying them in communication 
with peers and patients, and maximizing the opportunities to learn them by doing medicine (e.g., 
through Operemos).
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11.2 Overview

11.2.1 What is Operemos?
Operemos is an OE initiative toward an open medical school that targets communication, technologically 
and easily, between clinical teachers and medical students in a social networking style. From a human-
istic medical education perspective, these students, who will base their learning in medical practice on 
connections with teachers and peers while being responsible for the activities, will probably go on to 
apply these learning attitudes with other colleagues and future patients (i.e., transfer their learning).

Operemos operates through a humanistic medical practical approach in a liquid learning environment 
that addresses educational processes from all actors fl exibly, and continuously promotes assessment 
outcomes bidirectionally (students rank teachers’ activities, while teachers assess student outcomes af-
ter each activity). These actions facilitate the users (the students and the clinical trainers) to be connect-
ed among them through the activities to undertake and assess. Simultaneously, the platform facilitates 
the users to be on-track on surgical practices announced as activities in Operemos through the clinical 
trainers’ publications, who are surgeons in the diff erent teaching hospitals. The activities can be either 
face-to-face or online, although the latter group has less representation, as the main objective of Op-
eremos is to protect face-to-face activities, even in pandemic times.. The platform, therefore, acts as a 
manager of teaching opportunities. Students are the protagonists of autonomously self-directed learning 
itineraries according to the teaching objectives to be marked in each unit, subject or course. Similarly, 
teachers propose opportunities with a cap on numbers (especially in relation to an OR activity). They can 
include materials to check before the activity, such as the health and safety procedures required in rela-
tion to Covid-19. The managers can check the scorecard and the eff ectiveness of all activities and actors, 
enabling them to propose adjustments while ensuring optimal advancements on all sides.

11.2.2 How does Operemos work?
⊲ Operemos aims to promote practical training in real life, especially in present times in the context 

of the pandemic.

⊲ Due to its fl exible nature, it can easily include Covid-19 secure circuits (e.g., videos about how to 
access the OR at UH FJD, adding health and safety personal protective equipment to new UAM 
students entering for the fi rst time). 

⊲ It can guarantee a bidirectional continuous assessment strategy to ensure continuous evaluation, 
providing feedback to all educational agents (i.e., students, teachers, and managers) about the 
medical education undertaken in the hospital at any moment. 

⊲ It looks to obtain optimum performance in medical education within hospitals with minimum inver-
sion (as it requires few technical staff  to develop and maintain the platform, to manage students’ 
and teachers’ records, and a main manager, who can be the university’s representative responsible 
for managing the scorecard). 
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⊲ It is designed to be mobile-friendly (Figure 1), including mobile project features such as when the 
activity takes place (calendar), where it is going to be held (to avoid agglomerations), who is the 
clinical teacher (to facilitate teacher–student common knowledge), and team building (to promote 
connectedness, medical identity, and a common humanistic approach).

When
Calendarize the activities

Where
Avoid agglomerations

e
s

Who
Teachers and students know one
another

Team building

Figure 1. Mobile project features of Operemos: when, where, who, and team building.

Figure 2. An example of how the mobile project features of Operemos work.

For example, as depicted in Figure 2, an activity can be organized by faculty surgeon Dr. Dominguez on 
March 14, in OR number 1, accepting a student to be taught a specifi c surgical intervention, and once 
the activity has been completed, each participant (teacher and student) assesses the other, recording 
everything in Operemos.

Process ends
with evaluation

March 14th In OR no. 1 Dr. Dominguez
accepts a student

In essence, this means that medical students can now build their careers through self-management of 
medical practice itineraries. Clinical teachers can easily use technology to bring people together, transmit 
a humanistic approach, and collect evidence with regards to certifying their teaching. Managers at the 
universities can organize and keep track of their students, activities, and resources through a scorecard.
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11.3 Operemos platform
Operemos (www.operemos.es) is an online teaching opportunities manager, used in the fl exible promo-
tion of surgery practices and rotations. It is a web-based tool to manage diff erent users’ profi les and thus 
covers all educational platforms’ needs. It can adapt its functionalities to diff erent user profi les so that 
student, teacher (“trainers” onwards), and educational manager can use it intuitively.

11.3.1  Student
Students are one of the main users of this platform, so there are multiple functionalities to give them all 
the tools they need to improve their educational process. They have access to all the online and face-
to-face activities that have been assigned to the cohort to which they belong (e.g., students in fourth 
academic course studying Introduction to Surgical Practices), thus not only off ering them the possibility 
to attend face-to-face activities (main means of learning), but also a large library of online content so that 
they can continue their training wherever they are and not limited to face-to-face teaching hours.

Activities
One of the main objectives of this platform is for students to be able to self-manage their training. With 
this in mind, on their main page they can see all the activities that are on off er for them to attend, with 
information about type of activity, date and time, place, trainer, and trainer’s score. In addition, to facili-
tate choosing an activity, the student has diff erent fi lters available to fi nd the activity that best suits their 
needs, depending on type of activity, keywords, date, specialty, or location (Figure 3). This is an essential 
aspect of the platform, whose main objective is to be user-friendly.

Figure 3. Student main page.

Surgeon 1

Surgeon 2

Surgeon 2Surgeon 2

Surgeon 3

Kind of activity
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Enrollment process
To fi nd out more about an activity, once a student clicks on the relevant link they can see more detailed in-
formation that the tutor thinks is important for the student (Figure 4), for instance how to get to the location 
where the activity will be held (for live activities), a more detailed explanation of the procedure, or videos or 
papers the tutor considers interesting and has added for the student to review before the day of the activity.

Once the student has read all the information about the activity and decided that they wish to attend, as 
long as there are available places (to enable the best attention for the student and in line with Covid-19 
safety measures), they can register for the activity and then wait for the trainer to confi rm they have been 
accepted for attendance.

Activity details

Extra docs

Figure 4. Enrollment process.
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Once the trainer has accepted the student’s request to attend, the student through Operemos is provid-
ed with a contact method to communicate with the trainer and clarify any questions that may have arisen 
about the activity. This is important as it enhances trainer–student communication and relations.

Bidirectional evaluation
Operemos is an innovative platform that breaks with the classical unidirectional grading system in which 
the tutor evaluates the student. In this case, each time a student performs an activity managed through 
Operemos they are required to evaluate the trainer responsible for the activity (Figure 5). 

This is essential in ensuring the student feels that their words are also important in the training process, 
helping to create a ranking of trainers and sowing the seed of the humanistic approach in the relevance 
of communication in a dyad. Similarly, the trainer will evaluate the student’s performance during the ac-
tivity, promoting a concept of continuous evaluation and control over the student’s progress.

Figure 5. Evaluation procedure.

Figure 6. Register of student activities.

Once the evaluation process has been completed by both parties (trainer and student), the activity will 
be registered in the student’s profi le so that both student and manager can consult the activities attend-
ed by each person (Figure 6).

Puntuation

Your activities
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11.3.2  Trainer
One of the main objectives of this platform is to provide support to all users of the educational system, so 
the second user of this platform is the trainer (Figure 7).

Good performance on the part of trainers has a fundamental role to play in student learning, which is why 
all possible steps must be taken to facilitate their work and thus be able to off er higher-quality training. The 
trainer’s opinion was considered during development of the design of Operemos, in order to create a plat-
form that is easy for them to use, thus speeding up their work and giving them all the facilities they need.

Figure 6. Register of student activities.

Figure 7. Main page for trainers.
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Activity creation
The trainer’s profi le looks similar to the student’s, however it also off ers the ability to create activities, 
both online and live (Figure 8).

To create a live activity To create an online activity

Basic information

Number of
students

Trainer contact

Aditional
information

Vídeo

Papers

Date

Figure 8. The functionality to create an activity.

Figure 9. Activity-creation form.

The activity creation process is straightforward. It consists of fi lling in a form in which all the information 
about the activity is provided so that students can consult it before signing up, to ensure that an activity 
suits their interests (Figure 9).

The trainer can specify that, when signing up to their activity, the student should read or watch a video relat-
ed to the procedure to be carried out, to ensure they have the necessary knowledge to attend. The trainer 
may also indicate a specifi c number of students who can attend the procedure, avoiding crowds, and thus 
preserving a safe learning environment (e.g., Covid-19 friendly), maintaining the capacity of the location, re-
specting safe distance, and ensuring that more personalized education can be provided to students.
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Operemos also permits the creation of training itineraries. A trainer can put together a list of tasks nec-
essary to achieve teaching objectives before a student’s attendance is permitted (Figure 10).

Figure 10. Training itinerary.

Acceptance/rejection of students
One of the objectives to improve teaching is to off er closer, personalized, and high-quality training. To 
achieve this, trainers need to know which students will attend their activity, so they can prepare appro-
priately in terms of teaching method tailored to the students who will attend, which helps trainers and 
students get to know each, facilitating the creation of a team.
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For this purpose, Operemos includes a system for accepting or rejecting requests for student participa-
tion in activities (Figure 11). In this way, every time a student expresses interest in attending an activity, 
the trainer will be notifi ed, and it is they who confi rm or reject the student’s attendance as they deem 
appropriate. 

Figure 11. Acceptation/rejection process.

Assessment and recognition
After each activity, and to conclude it, a bidirectional evaluation process is carried out. Once this eval-
uation process has been completed by both agents, the activity will be recorded in the trainer’s profi le, 
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together with the assessment the student has given them. This is essential because it allows trainers to 
accredit their training activity and be included in the ranking of best trainers, with the prestige that this 
involves (Figure 12)—after all, it is a public ranking, accessible by everyone (Figure 13).

Activities controls

Other Controls

Tr

Figure 12. Trainer certifi cate

Figure 13. Certifi cations panel.

This process increases trainer motivation since their ranking 
position will depend on these evaluations and their students. 
Knowing that they are being evaluated increases their inter-
est in the activity, thus improving their learning.
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11.3.3 Platform manager (educational manager)
The fi nal user of the system is the educational manager, in charge of supervising the correct functioning 
of the platform’s processes, managing the administration of users, grouping them according to the or-
ganization and courses to which they belong, and administering attendance lists and certifi cates.

Managers are essential in ensuring platform quality, in charge as they are of verifying each user’s data 
to make sure they are genuine. In addition to controlling all the attendance statistics, the manager also 
dispenses certifi cates as appropriate (Figure 14).

Figure 14. Attendance control.

11.4 Conclusion
This chapter has introduced Operemos, an online platform operating on social networking principals that 
acts as a teaching opportunities manager for surgical education in hospitals during a time of pandemic.
This EdTech, based on an OE initiative, is based on educational, technological, sociological, and medical 
theoretical cornerstones and is a step toward an open medical school in hospitals that off ers “training 
à la carte” to medical students. In less than two years, it has achieved major outcomes even with the 
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unexpected emergence of Covid-19, being used by three Spanish universities (UAM, ‘Universidad Com-
plutense de Madrid’, and ‘Universidad de Zaragoza’) in undergraduate and postgraduate programs in 
medicine, psychiatry, and psychology (with an average of 1,400 users, 65% of students). Two organiza-
tions also use it in private and public domains (Takeda and Asociación Madrileña de Cirujanos) to pro-
mote continuous training for medical professionals in pandemic times, which demonstrates its versatility 
at all educational levels.
 
In summary, Operemos looks to enhance practical training in real life via a new network-based learning tool 
that is mobile friendly and delivers quality educational opportunities by connecting teachers and students 
to organize, deliver, and assess practice in OR settings. It is also a mature tool with a fl exible nature that 
includes Covid-19 secure circuits. It was born at UAM, tested at UH FJD, and has rapidly expanded for use in 
other programs in higher-education institutions (HEIs). It is being incorporated at CIVIS (https://civis.eu/), a 
European civic university formed by the alliance of eight leading research HEIs across Europe, in which Op-
eremos has been presented and included in an Erasmus+ proposal with Aix-Marseille Université, National 
and Kapodistrian University of Athens, Universitatea din București, Sapienza Università di Roma, and UAM.

In conclusion, the platform enables medical students to take charge of their learning itineraries, self-man-
aging autonomously which activities to undertake to accomplish a set of proposed teaching objectives 
in the university pathway. It also facilitates clinical teachers to propose opportunities, deliver them, and 
assess student outcomes, also being accredited by their students, who work to achieve the teaching 
objectives marked by them and the HEI. Using Operemos, university managers control the scorecards, 
ensuring optimal advancements while keeping abreast of the progress of all agents in real life. Thus Op-
eremos represents a signifi cant advancement toward an open medical school in Europe.
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12  Virtual and blended mobilities: some thoughts 
for health sciences studies

In the midst of the Covid-19 pandemic lockdown, most universities adopted synchronous online teaching, 
showing a most remarkable capability to adapt traditional ways of lecturing, of supervising group activities, 
and of giving seminars or problem-based teaching to a full online scenario. Such a resilient response need-
ed further strengthening and securing of course design to face the academic year 2020–21. Many higher 
education institutions (HEIs) have remained fully online, whereas others have embraced blended modes of 
teaching and learning (T&L). Although many teachers have adopted this kind of e-teaching as a potentially 
interesting hybrid approach, even in post-pandemic normality, some important issues have nevertheless not 
been resolved in an online environment, among them what to do with practical courses, and with mobility.

Indeed, one of the most obvious areas that suff ered from constraint of face-to-face activities were sci-
ence-related degrees and particularly health sciences study programs. Even if some online (distance) 
universities, such as the Open University (UK), have developed extremely performant virtual practical 
courses (for diff erent examples, see its Openstem-labs), training within hospitals or laboratories cannot 
easily be replaced. In planning for 2020–21 at Universidad Autónoma of Madrid (UAM), a blended model 
was adopted for biology, medicine, nursing, nutrition and biochemistry courses, leaving lectures and 
seminars in an online, synchronous format, while all practical teaching (including hospital based) was 
programmed in face-to-face mode, with all due preventive measures in place.

With the pandemic, yet another unsolvable limitation to students came from severely restrained mobility. 
In our European context, the Erasmus program has proven to be a powerful tool in allowing students to 
live in a diff erent European country, to be exposed to diff erent teachers and instructors, to diff erent T&L 
methods, and to interact with peers of diff erent cultures and backgrounds. Indeed, the European Com-
mission reacted very quickly, encouraging (and allowing) universities to promote virtual mobility and, if 
possible, combined with physical mobility, in what has been defi ned as blended mobility (BM). 
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BM was discussed as early as 2018, during the preparation of new actions for the forthcoming Erasmus+ 
program for 2021–27, long before the surge of SARS-CoV-2. It was seen as one of the most innovative 
tools to promote “mobility for all”, to increase the total number of students benefi tting from this extreme-
ly successful European program. Implementing BM would allow immersion and integration from home 
in a distant, foreign classroom, while having the opportunity to go to the host campus and meet face to 
face, for a limited amount of time, student peers and teachers with whom the course was already (or was 
to be) shared. It would be convenient for students in special situations—related to work, family obliga-
tions, medical conditions, or other diffi  culties—unable to leave home for an extended period. Previous 
Erasmus programs were reluctant to acknowledge virtual mobility (VM) as equivalent to physical mobility 
(PM), but as noted, in spring 2020 VM was certifi ed. Although students did not receive any funds, the 
allocation for universities’ administrative purposes was preserved. During those early pandemic times, 
the Commission even heartedly encouraged BM.

Another current circumstance that has seen VM and BM programs attract a great deal of attention has 
been the rollout of the European Universities Initiative (EUI). This program, funded under the Erasmus+ 
program, aims to generate competitive university networks across Europe, to enable students to obtain de-
grees by combining studies across diff erent countries, and for staff  and faculty to benefi t from sharing and 
belonging to a transnational campus. It has become clear that such transnational campus will benefi t from 
deploying and making possible programs with innovative pedagogies, embedding VM and BM schemes.

Before going into a simple approach for health sciences BM programs, particularly for those that require 
or rely on heavy practical, face-to-face learning, I will go into further details of these new approaches that 
may encourage more inclusive, extensive, and enriching mobility for many more students.

12.1 Blended mobility: an innovative approach to address inclusivity
All three types of mobility—physical, virtual, and blended—can be characterized according to the length 
of time spent in the host HEI. Traditionally, the Erasmus+ program has defi ned long-term PM for students 
joining the host university for at least two, and up to 12, months. It has never considered long-term VM as 
an eligible activity (neither fundable nor acknowledged as such). Short-term mobility, on the other hand, 
was possible only for staff .

The new 2021–27 program (Program Guide for Mobility Project) includes a specifi c action, Blended 
Intensive Programs (BIPs), aimed at funding groups of HEI to design innovative programs of T&L with a 
component of online cooperation, and to combine short, physical mobility for learners and teachers. The 
PM component should be at least fi ve days and up to one month. There is also specifi c mention of BM 
in the program, aimed at creating strategic partnerships (Program Guide).

As already mentioned, BM programs may off er a very powerful means to make mobility inclusive: by 
off ering more fl exible PM durations, it can be more accessible to participants from all backgrounds, cir-
cumstances, and even from specifi c study fi elds, in which long-term mobility can make more diffi  cult the 
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completion of curricula. The variety of situations in which students can benefi t from this kind of hybrid 
format makes BM appear one of the most innovative approaches to make internationalization a reality for 
all: students with fewer opportunities, with physical or mental health conditions, with children, students 
who are working, professional athletes, all may profi t from these schemes. Other unnoticed benefi ciaries 
of BM courses are local students, who can thus interact with international peers, adding to “internation-
alization at home” objectives of the participating HEI. (See Figure 1.)

Figure 1. Objectives of blended mobility.

⊲ Provide new and more fl exible mobility formats, and innovative ways of 
teaching and learning

⊲ Complement shorter physical mobility with a virtual component

⊲ Reach students from all backgrounds and conditions in all study fi elds

⊲ Practice a transdisciplinary, challenge-based and transinternational 
approach, and foster more fl exible curricula

12.2  Both virtual and physical components of a BM course require careful 
design

In a BM program, the virtual component must be compulsory and have a duration of at least three ECTS. 
It should comprise collaborative online learning exchange and teamwork. The design should include 
mixing local students in the classroom with students at distance; indeed these students can be from 
diff erent universities and countries. By bringing them together following synchronous courses, working 
collectively and simultaneously on assignments and team projects, the virtual component will assure the 
enriching learning component of any physical mobility scheme. An important point to take into account 
is that the course program should integrate and recognize all collective actions as part of the overall 
learning outcomes and evaluation.

The BM program should also integrate the physical component of a BM program to fulfi ll some academ-
ic objectives. When at the end of the virtual component, it should be the time for enrolled “incoming” 
students to join the host university campus, also to tie down the bond built over the previous months 
with team fellows, to get some face-to-face tutorials by the instructor(s), to complete the teamwork or 
to present the collaborative project done at distance. It should also include some extracurricular, social, 
and cultural activities (i.e., fi eld or town visits with the whole class and the instructor, social activities to 
experience local cuisine and habits, touristic tours of nearby surroundings). This may not be comparable 
to living for months (if not a whole year) in a foreign country, but at least it can be a way of experiencing 
the host university, its environment, and territory in a more intensive, familiar, and warmer way.
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If the short mobility takes place at the beginning of the course, it should include both academic elements 
and sociocultural activities. In this case, it better serves to increase the sense of belonging to the host 
university, to generate the team, or to detect and correct any diffi  culties that can hamper the collabo-
rative work afterwards. It can also facilitate course comprehension to get used to instructor dynamics. 
The duration of the physical mobility in the Erasmus+ BIPs has been set between a working week and a 
month. (See Figure 2.)

12.3  A good blended mobility course starts with a good blended learning 
layout

Whereas PM is, by defi nition, synchronous, the virtual part of BM, i.e. the VM component can be synchro-
nous and/or asynchronous. One of the criticisms of VM is the belief that the online component is mostly 
asynchronous. That is why it is of paramount importance to make sure that during the virtual component 
of a BM program, synchronous activities take place, not only with, and led by, the instructor, but also, and 
very importantly, with the peer learners. This is one of the most valuable components, which can be very 
benefi cial and is stressed in diff erent forums that have intensively experimented with BM (EADTU Inno-
vative Models for Collaboration and Student Mobility in Europe, May 2019; BLENDED Mobility Erasmus 
Project 2016–18).

Thus one aspect that can facilitate the design of a BM program is to make use of blended learning tools. 
Blended learning makes use of traditional in-class learning and asynchronous (or synchronous) online 
activities. First developed at school level, it very quickly reached higher education. One classical format 
is fl ipping teaching, in which the transmission of knowledge is done through asynchronous, recorded 
lectures taken by the student at will and as many times as needed to assimilate the information, and then 
face-to-face tutorials, and problem- or case-solving sessions led by the instructor (Figure 3).

Figure 2. Components of blended mobility.

Blended mobility (BM) combines a virtual mobility (VM) program with 
physical mobility (PM) (5–30 days)

⊲ The virtual component must facilitate a collaborative online learning 
exchange and teamwork, and bring learners together online to work 
collectively and simultaneously on specifi c assignments that count 
toward the overall learning outcomes

⊲ Physical mobility must last a minimum of 5 days and be combined 
with a compulsory virtual component

⊲ A BM course for bachelor’s or master’s studies must award a mini-
mum of three ECTS credits



Innovative Medical Education in the Digital Era 112

Nowadays, the number of activities that can be included in a blended learning program is varied, and 
aimed at developing skills and learning outcomes, while basic, solid information is acquired. With the 
level of digitalization reached by HEIs (especially because of the pandemic and the need to carry on 
education at distance) and the profi ciency of students with digital tools, the line between face-to-face, 
in-class activities and classical (individual, offl  ine) e-learning schemes is narrower than ever. For instance, 
synchronous lectures can be taken in class (face to face) or at distance (through streaming platforms). 
Collaborative work between students may be performed in situ, in front of the instructor, or at distance 
by the student teams. Peer learning schemes can be created to promote discussions and debates, syn-
chronously or asynchronously (e.g., through forums or chat) about some designated questions. Such 
asynchronous activities go beyond classical assignments (individual essays, projects, or problem- or 
case-solving homework), but can also include self-paced, massive online open courses (MOOCs), bib-
liographic research, or data mining. All are possible T&L instruments. Importantly, the instructor must 
design and choose carefully among all these elements the most appropriate for a blended format, inde-
pendently of whether or not VM students are enrolled.

Once the blended learning course is designed, adjustments to accommodate students in a VM mode 
may be quite easy to make. In this case, one of the most important arrangements, though, is to form 
“mixed” teams of local and distant students, to ensure full integration of the latter. The incorporation of 
the short-mobility component once the long-term virtual component, based in a solid blended learning 
design, has been set, will then need support from the university offi  ce dealing with mobility through Eras-
mus or similar programs, and an element of planning for social/cultural activities.

Physical 
mobility 

Blended 
learningFace-to-face 

In-class instructor-led 
a s 

Virtual
mobility

Synchronous 
distance instructor-led 
a s 

Face-to-face 
collabora e, peer 

learning & teamwork

Synchronous distance 
collabora e, peer 
learning & teamwork

Ind idual 
learning & home work

Ind idual 
learning & home work

Figure 3. The possible activities in a blended learning course for a mobility student (orange).
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12.4  Practical/hospital training in a BM program: easy if done in 
collaboration with partner HEIs

Most of the courses that health sciences students must take include some laboratory or hospital training, 
a specifi c diffi  culty possibly encountered when designing a BM course in this area. The easiest way to 
design health sciences BM programs is in concert with colleagues from one or more partner universities. 
The practical training could be done during the time of the short PM, or if embedded in the middle of the 
course, taken at their home university by students enrolled in the BM course. These collaborative cours-
es can also be extremely fruitful for teachers. If more than two universities take part in such programs (as 
could be likely in the context of EUI alliances), some activities could be led by instructors from diff erent 
institutions, benefi tting from Erasmus+ staff  mobility to participate in one or more of universities under-
going the common BM program.

In this respect, it is worth highlighting that the concept underlying the BIP initiative in the new Erasmus+ 
program is to strengthen capacity building in the participating HEIs for the development and implemen-
tation of innovative T&L practices.

Final teamwork 
presenta on

Long-term virtual
component

Face-to-face 
teacher 
tutorials

Social & cultural
ac vi es

Short-term physical 
component

+

Blended mobility program
Figure 4. A BM course with both virtual and short-term physical 
components for a mobility student (orange).
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At UAM, we launched a seed funding call for pilot BM courses aimed at faculty members involved in un-
dergraduate/master’s courses. Ideally, they should design (or have already designed) a blended learning 
approach for the coming academic year. The course should preferably be aimed at students from CIVIS 
(the EUI alliance to which UAM belongs). It should preferably be coordinated with CIVIS colleagues in 
fi rst/second semester 2021–22 or delivered as an intensive summer course in 2022. We have granted 
fi ve proposals, one of them intended for health sciences students. It will off er a powerful means to detect 
the diffi  culties and achievements of BM in this area. The initiative will also be useful in terms of partici-
pants feeling more confi dent and ready to apply for and be successful in Erasmus+ BIP calls.

In summary, BM programs can be essential in facilitating many students with limitations to leave home for 
extended periods. If properly planned and embedded in degree syllabi, students could even accumulate 
several BM courses, with scattered short periods of PM to one or more institutions. To put the prospect into 
fi gures, if one student could take one six-ECTS BM course per semester (ideally with only one short physi-
cal mobility at the host university at the intersection of both terms), at egression he or she would have taken 
36 out of 180 ECTS in one or more host universities. This would account for one to six months of PM in 
total. The student would have carried out interactive work with multiple fellow students from diff erent back-
grounds/origins and been exposed to diff erent teachers from more than one university. When possible, 
the scheme could easily combine with more long-term PM (still highly recommended by the Commission), 
not only during regular fi rst or second semesters, but also during intensive periods such as summer terms.

Figure 5. Basic blended mobility for health sciences courses.

⊲ Travelling to host university
Step 1: Short physical mobility component, 1–4 weeks
⊲ Back home 
Step 2: Blended/online course at host university, virtual mobility 
component, 8–11 weeks

or
⊲ Home
Step 1: Blended/online course at host university, virtual mobility 
component, 8–11 weeks
⊲ Travelling to host university

Step 2: Short physical mobility component, 1–4 weeks

Lab/hospital practical activities can be undertaken during the short 
physical mobility or at home university while attending the virtual 

component of the blended course at host institution



13  A publisher’s perspective on future trends in 
medical education

 

McGraw Hill Medical appreciates the opportunity to have presented the information contained in this 
chapter to an audience of esteemed academics at the renowned Sapienza University of Rome School of 
Medicine in Italy. When we presented this contribution on February 7, 2020, we did not know how deeply 
the world of medical education and the world as a whole was about to transform because of Covid-19. 
The way in which students were educated changed overnight as the pandemic shut down universities 
worldwide. What we had highlighted as possible future education trends became the new reality for 
many universities in a matter of weeks.

This chapter is written from a medical publisher’s perspective and describes our journey as a content 
provider in the evolution of medical education. Included are key insights from our own in-person in-
terviews with medical deans, faculty, students, and librarians, as well as important readings from the 
literature on the topic of medical education. McGraw Hill’s primary goal as a global leader in medical 
education publishing is to partner with medical universities and institutions to create the highest-quality 
learning resources to fully meet the evolving needs of medical students, faculty, and librarians.

13.1  Electronic books and the internet: McGraw Hill Medical’s evolution 
from print to digital

Project Gutenberg, founded in 1971 by Michael Hart, revolutionized publishing as it was the initial source 
for electronic books (e-books) (Lebert 2008). These e-books were stored on university computers where 
students and faculty could access them at no cost. The offi  cial birth of the internet in 1983 allowed for 
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widespread sharing of published information, including Project Gutenberg e-books. Several years later, 
in the late 1990s, medical journals were among the fi rst formal medical readings available online, which 
helped pave the way for other forms of digital medical electronic media, including e-book publications. 
In October 1998, the National Institute of Standards and Technology gained attention when it held its 
fi rst government-sponsored meeting to discuss e-books, where publishers and technology experts met 
to address this emerging medium and its wider implications (Young 1998). As knowledge of these digital 
capabilities spread, customers began to request online content, and in 1999 McGraw Hill Medical pub-
lished its fi rst e-book, Harrison’s Principles of Internal Medicine.

In the early days of our digital publication experience, we simply aimed to put as much of our content on-
line as quickly as possible, without fully considering faculty or learner needs. For the next few years, our 
mission was to move all our content online, which included books and some other ancillary materials that 
were already available in print. We created our fi rst comprehensive digital site, AccessMedicine, in 2004. 
Soon after, we expanded our portfolio through the creation of similar sites for other medical specialties.

13.2  A publisher’s point of view: the changing needs of our customers
We wanted customer feedback on our digital products, so in 2016 we launched a series of focus groups to 
further understand the digital media needs and interests of our customers at faculty, librarian, and student 
level. We spent numerous hours on campuses around the world listening to students and residents, observ-
ing classes, attending rounds, and talking with faculty and deans to help us sharpen our understanding of the 
future of medical education. At that time, courses were taught in a traditional model where students would do 
some readings on their own prior to class. In class, the faculty member was primarily functioning as the “sage 
on the stage,” standing at a podium in front of a large lecture hall of students, teaching from a deck of slides 
(King 1993). After class, there was limited interaction with the faculty to ask clarifying questions or to explore 
a topic in more depth. Students completed homework assignments independently to practice and apply the 
knowledge gleaned from lectures and readings. This traditional teacher-centered education model has many 
fl aws. First, the teacher, rather than the student, is the focus of this model. Second, it is more passive in nature 
and does not off er the opportunity for students to develop important critical thinking skills, which are essential 
for any future diagnostician. Third, students are not active partners in their education, and faculty function as 
information providers instead of information coaches (Harden and Lilley 2018).

13.3 Rethinking medical education
Pressure to alter long-standing teaching strategies was beginning to surface in the literature, at medical 
education conferences, and in some medical schools. A 2016 essay, “Educating medical students in the 
era of ubiquitous information” (Friedman et al. 2016), outlined three key competencies to help medical 
students manage the overwhelming volume of information they needed to know. This paper argued that 
it was neither reasonable nor helpful to continue to require medical students to commit an overwhelming 
volume of information to memory. It was more important to teach these learners to “know what you don’t 
know,” manage those knowledge gaps by asking appropriate questions, know where to fi nd correct 
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answers, and critically evaluate those answers once they were identifi ed (Friedman et al. 2016). These 
proposed changes deviated from years of tradition and would require a dramatic culture shift within the 
medical education community if they were to succeed.

In 2018, Harden and Lilley agreed that medical students should not be taxed with memorizing an abundance 
of information but should be required to possess specifi c fundamental medical knowledge and skills (Harden 
and Lilley 2018) They argued that medical students need to master medical vocabulary, essential medical 
information, and broad theories, and to possess a general understanding of medical possibilities (Harden 
and Lilley 2018). That same year, Harden published a paper to expound on these new ideas, which sparked 
further discussion about the need to alter traditional medical education (Harden 2018). This article outlined 
long-standing problems with current teaching methods and made bold recommendations about how to ef-
fi ciently modernize antiquated teaching strategies in medical education (Harden 2018). Harden proposed a 
move from “just in case” to “just in time” learning, which was meant to address the signifi cant cognitive burden 
that was traditionally placed on medical students who were forced to memorize thousands of facts (Harden 
2018). This shift was meant to stop medical students from memorizing information “just in case” they needed 
to know it some day. Instead, the end goal of “just in time” learning was proposed, where the student would 
be taught the necessary skills to identify the correct answer at a time when and if it was needed. This paper 
prompted a great deal of internal dialog within McGraw Hill Medical about the way our digital transformation 
was unfolding. It served as a foundation for our observations and conversations with key medical education 
stakeholders as we visited US and international universities over the next few years.

13.4 Teaching strategies that work: CBL and PBL
Many medical education teaching methods have been stale and in need of an overhaul; however, case-
based learning (CBL) and problem-based learning (PBL), which are similar, were not among them. CBL is 
a type of inquiry-based learning in which the student is provided course objectives, a real-world patient 
scenario, and a faculty facilitator who is available for consultation as the student works to solve the case 
(Wood 2003; Srinivasan et al. 2007; Thistlethwaite et al. 2012; McLean 2016). In CBL, there is some 
preparation prior to the small group meeting, and the facilitator interacts with students by asking guiding 
questions (Slavin et al. 1995). PBL was fi rst implemented by McMaster University School of Medicine in 
1969 and has been widely used in medical education since that time. PBL was originally meant to be 
taught as follows, although many variations exist (Barrows 1996). A small group of fi ve to nine students 
are gathered with one tutor who functions as a facilitator of learning. Students are given a problem (i.e., 
case vignette) to solve and they select reference materials to search for answers to their problem. Expert 
faculty may be available for consultation to help students better understand certain aspects of the prob-
lem. The tutor or facilitator asks probing questions that students should be asking themselves, to help 
guide them in the right direction toward solving the problem. As students become more familiar with 
PBL, they begin asking the probing questions of others in their group. This student-centered pedagogy 
has worked well in medical curricula as it teaches students to take responsibility for their own learning. 
Both CBL and PBL are used to connect theory and practice in an eff ort to prepare students for the critical 
thinking skills they will need when caring for actual patients (Thistlethwaite et al. 2012).
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13.5  Injecting innovative teaching methods in medical education
While CBL and PBL have proven to be solid, long-standing teaching strategies for medical education, 
other older methods that were not student-centered needed to be replaced. Innovative teaching meth-
ods borrowed from other sectors of education, such as team-based learning (TBL), guided discovery, and 
fl ipped classroom (FC) have been introduced in medical schools internationally. TBL educates medical 
students about the real-world experience of working in a team to solve clinical problems (Haidet 2012; 
Burgess et al. 2017). Prior to class, each individual is responsible for completing the assigned readings. 
In class, learners are placed into small groups of fi ve to seven medical students (Table 1). At the begin-
ning of class, each student must complete their own individual readiness assurance test (IRAT), which 
assesses knowledge about the pre-class readings. The same test is repeated with the group through the 
Group Readiness Assurance Test (GRAT). The group then discusses the answers in a forum where each 
member voices and defends their response. After this session, the instructor introduces an application 
activity to the group, which is typically a clinical situation or vignette with multiple-choice questions (Hunt 
et al. 2003; Haidet 2012; Burgess et al. 2017). This activity takes foundational knowledge and allows 
students to apply what they have learned to real-world patient scenarios, which builds clinical reasoning 
and teamwork skills (Hrynchak and Batty 2012).

The FC—or, as it was originally named, the inverted classroom—takes traditional activities of learning such 
as lectures and homework and switches them to make classroom learning more active and engaging 
(Lage et al. 2000). Widespread availability of multimedia played an important role in the creation of this 
teaching strategy. For example, students with access to the appropriate technology are able to watch a 
recorded lecture independently prior to class and learn foundational information. In the classroom, they 
are expected to apply what they learned from the video through participation in a group activity (Lage 
et al. 2000). Guided discovery learning combines lecture-based instruction with student-centered and 
application-based activities. The four main features of guided discovery are: (i) a foundational learning 
framework; (ii) independent student research to learn more about a concept; (iii) availability of study 
guides to direct learning; and (iv) activities where the student must apply knowledge to a clinical prob-
lem (Lavine 2005). PBL may be combined with guided discovery in didactic courses for large groups of 
students. When compared to traditional lectures, guided discovery encourages learners to more deeply 
understand the subject matter as they synthesize knowledge learned through independent study and 
engaging activities (Lavine 2005).

Table 1. Team-based learning.

Before class Beginning of class: individual work During class: group work
Pre-reading Individual Readiness Assurance Test (IRAT) Group Readiness Assurance Test (GRAT)

GRAT review: group discusses answers to 
test questions

Application of knowledge activity with the 
group
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13.6  What do medical students want from their education?
As medical education was changing, McGraw Hill wanted to learn more about what was working and 
what needed further modifi cation. Our primary purpose in connecting with medical students was to ask 
how they wanted to learn and what could be improved to enhance their medical education experiences. 
We noted trends and recurring themes from our conversations with students across the globe. Here is 
what they said:

We want…

⊲ To engage with content;

⊲ Instant feedback from all learning activities;

⊲ High-yield summaries of complex concepts;

⊲ Case-based scenarios and real-world examples;

⊲ To use video in place of lectures and to reinforce learning;

⊲ To learn from test prep questions and answers;

⊲ Visual representations to simplify complicated subjects;

⊲ Audio/podcasts to fi t our mobile lifestyle.

13.7  What did we learn from medical faculty and administrators?
During campus visits with students, we also scheduled meetings with faculty and administrators to ask 
similar questions about recent changes in medical education: what was working and what needed to be 
altered? Again, there were commonalities between faculty and administrators from across the US and 
other parts of the world. Here is what they had to say:

⊲ Implementing a new curriculum is not easy and requires meetings with teams of faculty for many 
hours.

⊲ We need innovative resources because it takes a tremendous amount of time and faculty/librarian 
resources to prepare high-quality teaching tools.

⊲ How can we teach important skills like clinical reasoning and emotional intelligence?

⊲ Information literacy (media/digital) needs to be integrated into curriculum because there is a lack of 
consistency in the educational resources students use on their own, and information they fi nd may 
be “out of date.”

⊲ Students don’t regularly attend class.
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⊲ Faculty have variable comfort in facilitating the use of new resources and technologies.

⊲ We are struggling with information overload because there are more medical advances and in-
creased medical knowledge to learn.

13.8 Designing digital products to fi t medical education needs
Our teams came together to share what they had learned during visits with key academic stakeholders 
and began to form a plan to help address common pain points. We learned that changes to medical ed-
ucation were very much global in nature, and we applied the feedback from faculty and students to the 
creation and enhancement of our digital medical products.

Figure 1. An example of digital multimodal learning from AccessMedicine
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Our digital medical products:

⊲ Off er content in a variety of learning styles to meet the diff erent learning needs of medical students

♦ Visual learners are supported with high-quality images, animations to convey diffi  cult concepts, 
and videos of step-by-step procedures, physical examinations, communication, and basic sci-
ence and clinical medicine lectures

♦ Audio learners are supported with engaging podcasts on internal medicine and surgery topics 
(AccessMedicine, AccessSurgery)

♦ Reading and writing learners are supported with hundreds of textbooks and the ability to anno-
tate chapters with the Hypothes.is tool

♦ Students who learn best through answering questions are supported through hundreds of fl ash-
cards and thousands of comprehensive questions and answers on basic science and clinical 
medicine topics, as well as board examination review;

⊲ Support innovative pedagogies, and teaching and learning strategies

♦ Our digital sites have an extensive library of peer-reviewed real-world clinical cases to support 
PBL, CBL, and TBL

♦ Passages from our comprehensive digital library of authoritative, trusted textbooks can be as-
signed for pre-readings in TBL and FC, or to support independent and group research in PBL 
and CBL;

⊲ Teach students and trainees how to frame clinical questions and assess the results of their search 
in terms of literature quality (JAMAevidence);

⊲ Have helpful technology embedded within our online resources to support faculty and learners

♦ Faculty can engage with students through annotated readings using the Hypothes.is tool, which 
is embedded within our textbooks

♦ “Email feature” may be used to directly submit answers to question banks to faculty
♦ Content from our sites can be shared with students on social media—Twitter, Reddit, Facebook, 

and LinkedIn
♦ Download chapter PDFs for printing or offl  ine reading
♦ Listen to content using Readspeaker technology, embedded within our textbooks to support 

access for every learner.

Our mission statement at McGraw Hill is to unlock the potential for every learner, but without constantly part-
nering with educators and institutions we cannot get it right and we cannot improve. We truly appreciate your 
feedback in helping us create the highest-quality content and products that have been educating physicians 
and healthcare providers around the world for more than 65 years. We are honored to serve you.
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