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Abstract In recent years, computer application development
has experienced exponential growth, not only in the number
of publications but also in the scope or contexts that have
benefited from its use. In health science training, and medicine
specifically, the gradual incorporation of technological devel-
opments has transformed the teaching and learning process,
resulting in true Beducational technology .̂ The goal of this
paper is to review the main features involved in these appli-
cations and highlight the main lines of research for the future.
The results of peer reviewed literature published recently in-
dicate the following features shared by the key technological
developments in the field of health science education: first,
development of simulation and visualization systems for a
more complete and realistic representation of learningmaterial
over traditional paper format; second, portability and versatil-
ity of the applications, adapted for an increasing number of
devices and operative systems; third, increasing focus on open
source applications such as Massive Open Online Course
(MOOC).
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Technologies of information and communication
(TICs)

New technologies of information and communication (TICs)
are part of deep sociocultural transformations in health educa-
tion regarding the need to manage an increasing amount of
new information. According to UNESCO, the integration of
new technologies in education should focus on the develop-
ment of new learning environments, enhancing communica-
tion, and promoting distance learning.

Two approaches should be distinguished: first, learning
about TICs, which refers to those experiences that aim to
obtain knowledge about technologies as an end in itself; sec-
ond, learning with TICs, which see TICs as a means to im-
prove our knowledge in other areas such as health education.

Virtual training and learning campuses are the result of new
technology. New wireless technologies open the possibility to
access large amounts of information and learn when we want,
in a world full of knowledge available anywhere. Therefore,
virtual training is growing in response to and as a demand to
the new needs of professionals in an environment that requires
constant adaptation. This permanent need to update knowl-
edge and skills is defining the new educational models in
medical training, with a change in perspective and an expo-
nential increase in online education according to the current
needs of the information society.

In medical contexts, those virtual environments can offer
medical students and practitioners a series of advantages: im-
plementation in the workplace, immediacy response, schedule
and space flexibility. It will probably respond faster and more
effectively than other traditional teaching systems.

Devices and digital environments based on clinical simu-
lation can play an important role in acquiring competences
and clinical skills, since they are able to reproduce the real
environment that students will face in the future, thus having
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a more active and effective learning process. Much of the
software offered in medical training has been mainly designed
for self-learning and for the acquisition of certain abilities and
skills. The generation of a good virtual environment, well
addressed, allows sometimes doing hardly feasible activities
in the classroom, promoting student critical thinking and ac-
tively participating in their own learning process. In the fol-
lowing years, we will witness an even greater development in
the use of simulations in medical training.

In fact, the integration of new technologies in the classroom
is one of the keys to success in health education and recent
research is focusing on measuring the impact of using new
technologies. Readings, online assignments and lectures, and
other interactive materials prepare students for in-class discus-
sions and are perceived as more attractive than traditional
learning materials [1, 2].

Awhole new generation in health science education is be-
ing increasingly trained in new technologies, promoting inno-
vation and communication [3–5]. The application of computer
technologies in health science education broadens the action
and intercommunication possibilities between teachers and
students, allowing access to new means of exploration and
representation, together with new ways to access knowledge
through a variety of tools: powerful body structure visualiza-
tion, multimedia imagery, computer simulations, stereoscopic
visualization, virtual and augmented reality techniques, com-
puter platforms for resource and document storage and mobile
devices. Using technologies regardless of space and time in
digitalized information transmission is nowadays one of the
greatest technological, scientific and cultural revolutions in
our society.

The use of technological resources can encourage inde-
pendent or group learning experiences, a mayor stimulus
and additional support to classes; making learning less for-
mal through complementary tools that enrich and improve
the teaching system. Health science education has become
a more globalized process, so we should open ourselves
and look outward for new horizons in education. It is nec-
essary to pursue new educational models with a technolog-
ical basis, that provide health science professionals the nec-
essary tools to develop their subsequent work with the pro-
fessional capacity that is nowadays required in complex
organizations.

A full integration of new information technologies in
health science education remains a challenge. Access to
new digital tools is not enough and a better knowledge of
the possibilities is further needed. The learning model
based on the handling of technological tools is being intro-
duced into our teaching systems little by little, changing
traditional education and gaining ground in the use of tech-
nological devices and procedures at our disposal; it is try-
ing to build a bridge between technology based training and
the real world.

The application of knowledge resulting from technological
advances in science has changed the way in which informa-
tion is transmitted. Within health science in particular, it has
represented a series of constant technological developments
that have resulted in the transformation of medical training
patterns. But applying technology in training is not only based
on the instrumental domain of some computer equipment, but
in the capacity to design teaching resources in health science
with the objective of reaching goals that we would have set for
ourselves in any field. Therefore, as shown in the Council for
Educational Technology, BEducational Technology is the ap-
plication of knowing systems and techniques to improve hu-
man learning^, we will probably witness an even greater de-
velopment of innovative technology and its use in medical
education within our country in the coming years.

Once more in the context of medicine, one of the main
challenges of the teaching and learning process is to combine
the training needs with the demands of the professional activ-
ity the student will face. For this reason, it is important to
design specific activities and tasks adapted to the needs of
the professional practice.

Finally, TICs are instruments that permit the design of an
innovative teaching methodology, which is a complex pro-
cess where not only teachers participate, but the institution
as well; that is why both teachers and universities have to
adapt the teaching and learning processes with the aim of
accentuating the active implication of our students in their
learning process. In order to do this, they must introduce
the technological tools that today’s society imposes and
that new students are used to. The use of technologies in
teaching has become one of the basic pillars in university
education within health science. The aim of this special
issue is to exemplify how technology is increasing its pres-
ence in health science education in order to familiarize pro-
fessionals with the use and possibilities of new technolo-
gies. A general view of experiences in the field will be
provided. In addition, current technological tools and their
possibilities in health science education will be introduced
for both teachers and researchers.

The technological application development with teaching
purposes in health science is paying increasing attention to
mobile phones, smartphones and tablets due to their portabil-
ity, economic accessibility and internet access, maximizing
the dissemination and availability of developed applications.
These changes in health science teaching pose a challenge for
teachers and institutions when designing, developing,
implementing and evaluating these technological applications,
as well as an effort on behalf of students to adapt. Nowadays, a
growing number of studies have directed their attention to
evaluating the effectiveness of these applications with increas-
ingly sophisticated designs. The results are encouraging and
signal a promising future for the development of computer
applications in this field.
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3D visualization and simulation applications

The first feature of the most successful health science innova-
tions is to focus on visual information display, developing
powerful simulation and 3D visualization applications, specif-
ically in complex medical fields such as neuroscience [6–8].
The visualization of 3D anatomical models creates a more
realistic and precise visual perspective of different body struc-
tures than conventional medical imaging from different 2D
diagnostic modalities. Volumetric visualization provides more
complete information when defining the macroscopic mor-
phological features and spatial relationships of body structures
like bones or muscles. Moreover, 3D models visualized in
simulation contexts increase the possibilities of their global
morphological assessment and reduce complications in surgi-
cal interventions. This advantage is especially important in
planning virtual surgical approaches where precise delimita-
tion in the intervention of body structures is required. In recent
years, it has been possible to combine volumetric visualization
with virtual reality systems that allow the surgeon to browse
through 3D reconstructed body structures or even touch them,
including resistance and texture simulation of various tissue
surfaces or haptic feedback technology, vital when detecting
tumors.

The use of visual resources in three-dimensional format
is an attractive and innovative method in teaching and stu-
dent learning, as well as a reusable and useful tool to en-
courage and motivate learning in any discipline within
health science. 3D models have enhanced and renewed tra-
ditional pedagogical system resources, offering a more
complete vision of anatomical body structure characteris-
tics. These resources uphold the emphasis on using visual
aids as key elements, beyond simple textbook illustrations.
The generation of three-dimensional images developed
with the help of 3D reconstruction commercial software,
is part of a new pedagogical visual strategy, which allows
teaching content activation and review to improve the un-
derstanding of body structures.

The comprehension capacity of body structures is close-
ly related with the ability to visualize them. Traditionally,
the different diagnostic imaging modalities have shared a
common limitation, the two- dimensional features of their
representations. The visualization and interpretation of hu-
man body images from imaging techniques, has an added
difficulty due to its complexity and individual morpholog-
ical differences (biological variation). Learning human
anatomy, one of the most relevant health science disci-
plines, requires the understanding of morphological fea-
tures and spatial relationships in proximal areas amongst
the different body structures. Thus, volumetric visualiza-
tion of these structures optimizes the presentation of com-
plex information within morphological images obtained
from diagnostic imaging techniques. Not only is the

synthetic visualization capacity improved, but also the de-
gree of interactivity and realism, overcoming the inherent
restrictions of 2D traditional representations.

Considering this important aspect of spatial vision, many
technological procedures have emerged that allow 3D body
image reconstruction from sections obtained through diagnos-
tic imaging modalities. The 3D reconstruction process or vol-
umetric generation is the acquisition of one or more series of
tomographic images, the posterior segmentation or identifica-
tion and labelling of anatomical body structures, the extraction
of contours/surfaces in adjacent transverse sections and the
rendering of the 3D model.

Technology benefits learning by enhancing the compre-
hension of complex contents as in the case of neuroanato-
my and the level of engagement with the learning materials
[9, 10].

The development and implementation of virtual learning
environments can, overcome traditional limitations associ-
ated with physical classrooms by themselves, going beyond
the use of a computer as a simple tool and turning it into a
virtual classroom. Simulations are acknowledged as an
emerging future modality because with technological de-
velopment more emphasis can be made on skills and clin-
ical reasoning. Simulations try to reproduce situations that
are as real as possible, offering a series of advantages and
guaranteeing patient safety. This very effective type of
training has been institutionalized in other professions
and medical education has to aim for the advantages it
represents.

These kind of training activities offer educational advan-
tages; they offer safety in the face of mistakes made in high
risk technique training, a reduced and less dangerous cost than
working in real environments and they can also help under-
stand the processes.

Nevertheless, there are still many issues regarding quality
and result evaluation in this type of training applied in real
practice, and although the idea has great development poten-
tial for a more effective medical training, further progress in
this direction is still needed.

There is a great disparity in technological procedures and
environments applied to health science education, as a com-
plement to teaching systems. Thus, it is important to consider
some requirements that meet teaching expectations. Amongst
these requirements we emphasize the following: accessibility:
ability to locate and have access to training materials from a
remote location and distribute them on the Internet; interoper-
ability: ability to use materials in different platforms and loca-
tions; durability: ability to withstand technological develop-
ment without re-encoding or redesigning materials thorough-
ly; reusability: flexibility to include training components in
different contexts and applications, for example in different
training activities; and cost-effectiveness: time and cost reduc-
tion in teaching.
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Mobile applications

The second feature of the most successful applications (is)
available for a wide range of OS and devices such as mobile
phones or tablets, enhancing (their) portability and versatility
[11–19]. The characteristics of these mobile devices encour-
age the implication of students in learning through the direct
interaction with teaching contents, making them an excellent
platform in university education. The use of portable devices
is associated with a change in information and communication
search habits amongst users. Little by little, new applications
are being developed, (better) adapted to curricular situations
and teaching plans. Nowadays, it seems difficult to conceive a
society where mobile devices are not important tools in our
everyday life, both professionally and leisurely.

A good technological procedure in medical training needs
to be user friendly. Procedures should not be complex or else
they create user insecurity. Doubts regarding specific process-
es and tasks should be solved quickly and precisely, maintain-
ing student attention.

Moreover, with the use of technologies in training, the in-
teraction amongst participants and the role of the tutor who
designs its application are key in the success of the teaching
activity and in getting positive results. That is why computer
programs used in training should look for models that facili-
tate learning. We must also seek student interest, introducing
resources that promote learning. Accordingly, the design of
the technological application we work with should call atten-
tion to the most relevant interest points, be practical and al-
ways look for activities that facilitate learning and student
motivation. For thesemeans of communication to be effective,
they require different types of interactions and spaces with
several formality levels, somemoderate and guided and others
not, allowing the development of different interaction levels
amongst users. In this special issue we present a series of
interesting and useful technology based projects in health sci-
ence education. In them, the transformation of medical train-
ing can be seen with the introduction of new technologies that
entail the use of more modern technology in teaching, special-
ly using mobile devices.

Open source applications

The third feature of the most successful applications in health
science education is the increasing attention to applications
based on an open source approach [20–27]. It is still one of
the heated debates regarding the development of new technol-
ogies and revolves around the use of open source or proprie-
tary applications. However, in general, open source is associ-
ated with accessibility or transparency in the process and final
product and collaboration or orientation to share knowledge
among peers. These applications also increase the likelihood

of creative solutions, imply a lower degree of power concen-
tration and therefore are more democratic. In fact, although
they do not have to be free, their price is lower than proprietary
applications.

As an example of the implication for this open source ap-
proach has we should mention the MOOC as a potential
framework to deliver and gain knowledge over a wide range
of disciplines [28–32]. One of the main advantages in the use
of these technologies, from a functional standpoint, is the pos-
sibility to learn anytime and anywhere, taking into consider-
ation the fast interaction with the computer application, the
cost is not too high, more internet accessibility, more portabil-
ity, and the possibility of a more collaborative (forming
groups, sharing answers, providing information, etc.) as well
as exploratory learning (learning on the field, exploring,
experimenting and applying while learning a specific topic).

Conclusion

In the future, the gradual miniaturization of computer compo-
nents will contribute to enhance portability of powerful appli-
cations for smartphones and tablets, will be able to make com-
plex math calculations, manage large databases faster, to name
only a few of its functions. The main consequence is the op-
portunity to develop new applications and pedagogical strate-
gies, which optimize the teaching and learning process in
health science disciplines but is not limited to them. In sum,
we can expect an increasing number of simulation and visu-
alization systems in health science, available through smaller,
faster, and more powerful devices such as mobile phones and
tablets, developed as Open Source applications, presented as
stand-alone applications or as tools for MOOC.
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