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Abstract

The purpose of this systematic review of the literature is to identify, analyze and synthesize the findings found in the
last 10 years regarding the issue of AR in academic health programs and to know the impact it has on students'
learning. At the methodological level, the databases Scopus, PubMed, Web of Science and Science Direct were
consulted, inclusion and exclusion criteria were established for the selection of the most relevant articles,
methodological quality and relevance were analyzed. As a result, 16 articles suggest that AR has a positive impact
on health disciplines, by fostering greater interactivity, motivation, understanding of concepts, acquisition of skills,
retention of knowledge and personalization of learning. The systematic review concludes that further scientific
evidence is needed to determine the effectiveness of AR in learning and its impact on the development of
competences and learning outcomes in current education
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1. Introduction
University teaching in the Health Sciences has been characterized throughout history by its traditional character,
lectures, lessons led by the teacher, readings of articles, books, audio-visual aids and demonstrations are the most
commonly used learning 2 Fabian Roman et al. / Procedia Computer Science 00 (2024) 000-000 methods for
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imparting health knowledge (1), in general, are characterized because the student assumes a passive role in the
teaching-learning process. The objective of learning and the fundamental component in the curricula of the Health
Sciences programs, is disease education and its comprehensive approach, which requires the integration of different
disciplines and the incorporation of new teaching methodologies involving the use of technology with active
learning approaches that foster meaningful learning experiences. As a result, the use of emerging technologies or
new information and communication technologies (ICT) in the educational field is growing in recent decades and the
AR is an attractive technological resource for both students and teachers, for the particular case of the Health
Sciences, is meant to be an active learning mode and the interactivity offered by the AR allows the student to build
their own learning, promoting in the long term the retention of knowledge acquired (2). With this methodology,
students can work in virtual environments that in the real world would be unattainable or dangerous, which causes an
increase in the curiosity of learning, this emerging technology is also a useful means of arranging learning and the
gain of knowledge, with a directly proportional relationship in which, the more enthusiasm and satisfaction, greater
is the performance or memory of the information achieved(3), improving students' learning achievements and their
motivation to learn(3).

This popularity of AR, in the field of education provides an opportunity to harness learning through technology
(4) and to combine the real and virtual environment and interact with physical reality in real time, through different
technological means such as smartphones, tablets or smart lenses, by integrating signals captured from the real world
with signals generated by computers, makes them correspond in the construction of new coherent realities, which
complement and coexist in the real and virtual world (5). AR, is a variation of virtual reality that enriches the real
world with digital content in real time through different technological means such as smartphones, tablets or smart
lenses and introduces students to immersive digital experiences that cannot be replicated through traditional teaching
methods, is a technology that improves the real world environment around us by overlaying computer-generated
content. (6) (7) (8). Among the advantages that the incorporation of RA within the University teaching process in
Health Programs, (9) affirm that they improve the teaching-learning process by influencing it multidimensionality, it
also reduces the cognitive load, it increases the motivation and satisfaction of the students, because it requires a very
active involvement on the part of the participants, the student has the possibility to transfer what they have learned to
the real world, and especially the environment created by the AR (10). Additionally, it is a support tool to better
interact with complex material beyond lectures and textbooks (11) optimizes spatial understanding and promotes
autonomous learning and provides greater realism to clinical simulation environments, the above, is useful in those
courses with a large component 3D images and videos, which can help keep students interested in their teaching-
learning process. (12) (13)

RA, supports teachers in customizing content for individual learning styles (14) and for designing immersive
experiences such as simulations and virtual excursions without the physical implications of the trip allowing students
to explore and interact with real world environments without leaving the classroom (15), this generates motivation to
learn any content, studies have already pointed out that the inclusion of AR applications in education is relevant
because they improve students' learning achievements and their motivation to learn.(16) The purpose of this review
is to identify, evaluate and systematically summarize the literature of the last 10 years on the subject of AR in
academic health programs and to know the impact it has on students' learning. This review aims to address the
following research questions:

¢How are studies on the use of AR distributed in university health science programs, according to the
methodology, year and country of publication, population and academic program?

What are the outcomes of effective implementation of IA in higher education programs in health sciences?

What innovative proposals for higher education in Health Sciences are currently being implemented?

2. Methodology
The scientific literature published on the subject of AR in higher education of health programs was systematically

reviewed. The guidelines of the PRISMA Declaration and the checklist of 27 articles were assumed for its
construction. (17) The elaboration process and each of its stages are described below. For the eligibility of the
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review articles, inclusion criteria were raised, among them, that the results are within the last 10 years (2013-2023),
published in English or Spanish, which are empirical research and not systematic reviews, of literature or narrative,
that speak of the Higher Education of the programs of the area of the Health Sciences. Those researches that study
the subject of RA were excluded, from academic programs other than health, that correspond to systematic reviews,
proceedings of congresses, book chapters, expert opinions and letters to publishers. Studies without the full text
available that did not work on the RA variable were considered irrelevant and therefore excluded from the review.

The initial search strategy was carried out using the electronic databases PubMed, Scopus, Web of Science and
Science Direct, several search terms were included independently "augmented reality” and through combinations
“augmented AND reality AND" technology" by supporting Boolean operators AND, OR to connect the words.
Similarly, advanced systematic research was carried out using search strings from the identified terms. In Scopus:
In PubMed: In Science Direct: In Web of Science”. No methodological restrictions were imposed on the search
strategy. After importing all recovered research to Mendeley and removing duplicate articles, a researcher
performed on the stages of selecting potential articles to analyze. To do this, a preliminary search matrix was used
with the following information: Doi, Article title, abstract, research purpose, classification or exclusion criteria. The
studies selected as relevant in the preliminary search were revised in full text in the second stage according to the
same criteria. The information from the studies selected as potential to analyze was recorded and organized in a
Search and Analysis matrix, which included: query source, journal, journal quartile, citation, title, authors, year of
publication, abstract, keywords, purpose, method, variable operationalization, study design, sampling method,
characteristics of participants, a country where the research was carried out, main recommendations and limitations.

3. Results

An initial search of 283 articles was carried out, then the screening phase was carried out for the preliminary
selection of manuscripts, here a total of 198 articles that did not meet the inclusion criteria were excluded: year of
publication (n: 0), by themes that study augmented reality from another approach (n: 109), by database duplicity (n:
10), review articles (n: 64), editorial material (n: 4) books (n: 3) and conferences (n: 8). A total of 85 advanced
search investigations were pre-selected as follows: in PubMed 24, in Scopus10, in Web OS Science 50, Science
Direct, 1. In this phase was performed an extraction of information through a table of data in Excel that included:
reference (journal, title, author, year of publication, etc.), study purpose, type of study, design, sample, results,
conclusions and consulted database. Among the 85 articles evaluated through full-text re-view, 67 articles were
excluded (32 wrong study designs, 8 wrong patient population, and 27 wrong environment) Finally, 18 articles met
the inclusion and exclusion criteria for this review, however, 2 studies were excluded for not responding adequately
to the study topic, leaving a total of 16 articles for the narrative synthesis.

3.1 Distribution of studies

Of the 16 papers reviewed, most were published in the last 5 years (n: 13) and only three of them between the
years 2015-2018, prevailed Spain (n: 4), Australia (n: 4) countries with the highest number of publications on
augmented reality followed by publications from countries such as Germany (n: 2) England (n: 1), the Netherlands
(n: 2), Turkey (n: 1) and Latin America in Canada (n: 1) and Brazil (n: 1).

At the methodological level, the quantitative research approach (n: 11), mixed approaches (n: 5), the temporality
of most of the studies was cross-sectional and as for the study types were found Quasi-experimental designs with
study and experimental group, Pre — Pos test (n: 4), Experimental (n: 6), Randomized Controlled Trial (n: 1),
Design-based research (n: 2) and Mixed (n: 3). Regarding the processing and analysis of the information, analysis of
variance was evidenced, using the T-test procedure for independent samples from which the means of two groups of
cases were compared, in the same way, the ANOVA procedure was used to generate an analysis of the variance of a
factor for a quantitative dependent variable with respect to a single factor variable (the independent variable) and to
contrast the hypothesis that several means are equal. As for the population, studies pre-dominated in the academic



4 Author name / Procedia Computer Science 00 (2018) 000-000

programs of medicine and biomedical, as well as in other health careers, such as nursing, physiotherapy,
psychology, nutrition.

Figure 1. Distribution by countries  Figure 2. Methodologic approach Figure 3. Study Design
.2 Effectiveness of Augmented Reality Implementation in Higher Education

10 studies that were oriented to test the effectiveness of methodologies based on AR in teaching-learning
curricular contents included in the curricula of different health science programs and compare them with traditional
teaching methods such as high, traditional notes and anatomy textbooks, as well as describing the influence of the
use of AR on cognitive processes such as attention, autonomous learning, understanding and motivation of students.
(12) (18) Two studies attempted to test whether AR provides a greater degree of learning than traditional videos and
notes for the study of certain topics such as the anatomy of the human body, at the same time, whether autonomous
learning with AR aids can be more valued in the metacognitive perception of students and whether the expectation
of success in future learning of students using AR aids is higher. Overall, the authors conclude that, although
technology has not been sufficiently developed for education, it can contribute to optimizing the student’s
autonomous work and academic training, they recognize that these methodologies favor learning and can
complement the traditional teaching-learning model, enhancing the process of acquiring knowledge, developing new
skills such as spatial abstraction and functional understanding. (19) (20) In addition to the above, two studies
determined the effectiveness and potential of AR-based learning in terms of learning outcomes in a collaborative
environment, in which team-focused interactive learning is encouraged, among the results found the students
highlight as benefits the increase of the 3D understanding of the topographic anatomy, due to the high quality of the
images that help to a greater discrimination of the anatomic structures, in the same way, a greater participation of the
students , whose positive impact is given in the fun and the motivation(21). It is suggested that AR applications can
play a role in future anatomical education as a complementary educational tool, especially in learning the three-
dimensional relationships of anatomical structures.(22) Other studies, indicated as more significant findings, that the
innovative methodology with Augmented Reality in groups results in better results in terms of maotivation,
participation, interaction with the content, the active role of participants and increased learning outcomes (23). In
addition, the students affirmed that Mobile Augmented Reality (MAR), develops their motivation and also self-
confidence and reduces their concerns.(24).

3.3 Innovative Augmented Reality Proposals for Higher Education in Health Sciences

Jamali (25) they developed a prototype mobile learning environment using mobile augmented reality called
Human Anatomy in Mobile Augmented Reality or HUMAR, whose purpose was to help students potentially
improve their learning process of the anatomical skeletal structures of the human body , using improved materials
that stimulate their interest and contribute to the retention of information for longer. Birt et al.(26) and Bork et al.
(27) used virtual reality through Samsung Gear and Oculus Rift and augmented reality through tablets to teach
narrated anatomy lessons using 3D models for the brain, spinal cord and brain stem, its purpose was to achieve a
learning experience in the hands of the participant, under a self-directed approach that allows an experiential
learning and a greater commitment by the student, they used a Magic Mirror augmented reality system for teaching
integrated courses in anatomy and radiology. The authors point out that years ago, virtual and augmented reality
was expensive, cumbersome and exclusive to some educational institutions, and the pedagogy of simulation through
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physical simulation trainers is very expensive, however, today, gaming engine platforms are available for free, such
as Unity 3D, free augmented reality SDK software and mobile devices, such as tablets and smartphones with
processors enabled for graphics processing unit and high quality displays, these are able to generate pleasant
educational experiences within everyone’s reach, which have demonstrated benefits for participatory, interactive and
self-directed learning, while at the same time enabling new skills such as spatial understanding and orientation,
particularly in students with low space capacity.

Reeves et al.(28) Mendez-Lopez et al. (29), Mellos and Probst (30) and Mcbain et al.(31) through mixed
methodologies have tried to measure the impact of this technology on both academic performance and student
perceptions, through surveys, questionnaires and focus group discussions, synthesized the attractive nature and
interactivity of AR, the findings are positive because they confirm the value of this technology to facilitate
immersive learning and the transfer of skills such as understanding complex 3D biological models in relation to their
function, also that may be valid for students of any health program, therefore, there are no motivational or cognitive
factors that could hinder its potential as an educational tool. Participants highlighted some negative aspects of the
HR, among these practical problems pointed out that a good Internet connection should be available, adequate
space, assistance or accompaniment of teachers and for their training position for the management of technological
tools.

According to the systematic review carried out, the findings found claim that the number of studies on
Augmented Reality is increasing, for this reason, it is usual to implement it as a meth-od of teaching technological
innovation that attracts the modern and digital student (32). However, more studies are still needed in the area of
health sciences to identify the factors that contribute to positive learning and the most effective way to combine this
technology with current education. Of the 16 articles reviewed, 7 were oriented in working innovative proposals of
AR, for the teaching -learning of academic contents of health, especially on human anatomy, in this regard, previous
research has stated that when students graduate there are theoretical gaps in the knowledge of anatomic structures
and a considerable loss of retention of anatomical knowledge, some key points of this situation, the decrease in the
number of theoretical hours devoted to teaching anatomy in university education within the curricula, as well as the
number of laboratory hours, limited availability of corpses and models(33). Some research suggests educational
refinements, in other words, a multimodal approach to teaching-learning anatomy that includes effective interactive
and immersive methodologies that pass the reading of textbooks or lecture-based instructions, a proposal to consider
is the AR which has the potential to provide a greater understanding of the structures and functions of human organs
in 3D space, while providing a more realistic representation of the human body compared to traditional means. (33)
(34)

With respect to the most interesting AR tools, the use of multimedia technology, 3D modeling, real-time tracking
and registration of objects, intelligent interaction, detection of images using mobile devices was evidenced, tablets
portable, HoloLens 2 or Microsoft holographic lenses, these facilitate mixed reality scenarios, whose most
distinctive feature is the ability to perceive an anatomical model in a real 3D plane without losing the user’s own
sense of environment. It was identified that three-dimensional anatomical models that allow stereoscopic viewing in
AR can help optimize the acquisition of anatomical knowledge in students with lower visual and spatial skills. (18).
This variety of AR applications and technologies provide in the educational field new alternatives to improve
educational environments, which gives better learning outcomes evidenced by higher content retention (35) better
academic performance (36) in solving tasks. (37) (38) and a greater capacity to interact and contextualize the
biological structures observed in nature, while encouraging dialogical learning through peer interaction. (38)

However, it is interesting to discuss the effectiveness of RA in teaching-learning processes in academic programs
in the area of health, the systematic review showed 6 papers indicating a statistically significant relationship in the
use of RA compared to traditional teaching-learning methodologies, AR is an aid for the student to learn better and
more, in turn to have a greater theoretical understanding and metacognitive perception in terms of attention,
retention and motivation to achieve autonomous learning (19), AR enables the development of new skills such as
spatial ability through three-dimensional visual stimuli combining experiences of physical words with virtual
environments.(20) In line with these results, other studies have already indicated that RA increases self-confidence,
motivation, attention and interest, which enables a productive study environment (39) and gives the student the
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opportunity to make active observations and see the material repeatedly (39), so young people claim that their fears
as well as their feeling of frustration diminish.(40) On the motivation towards AR, the results of other studies
comparing various teaching methods revealed significant statistical differences(41) and others that have not (42).
However, they agree that motivation is a substantial component of learning and preserving it is a major challenge for
educators, although not everyone is ready to adopt such advanced technologies (10) et al., 2021) they require
adapting, updating and quickly altering the content in a way that is not possible with a prescribed textbook, such as
introducing AR games and alternative, very attractive activities. (43)

These investigations show in the first instance that the educational materials or applications that promote the
mobile reality increase, admit that students have an active role in the learning process, the student has the
opportunity to access information and applications repeatedly through their mobile devices whenever and wherever
they want, can manipulate and interact and carry out a practical procedure using three-dimensional animations and
videos as often as they wish, they receive immediate feedback that leads to easier learning and understanding (44)
(24) (45) (46), as a second, contribute to the promotion of collaborative learning and the interaction of contents ,
being more effective with respect to the use of traditional methodologies based on the reproduction of contents by
the teacher (23) as a third, they allow you to keep your focus on curricular goals, creating immersive and interactive
learning environments that support visualizations that would otherwise not be possible (12) and finally, they
encourage the development of skills, there are studies that claim that mobile AR training practices have a positive
effect on the progress of psychomotor (47) through experience, and interaction with the various created objects (48)
(44) they also improve memory at a structural level and functional .(49).1 do not know can leave aside, the 3 studies
that showed no statistically significant differences, in fact, these studies con-sider that RA should be considered as a
complementary educational tool, especially in learning the three-dimensional relation-ships of anatomical structures
(22), These new methods promote intrinsic benefits, such as greater immersion and student participation. Although
compared with different computer-based learning techniques (augmented, virtual and mixed reality) show no
differences, AR has been endorsed as an effective learning tool in anatomical education compared to virtual reality
and mobile-based instructional methods. (43) (50). These findings are similar to previous works that characterized
the RA as a complementary teaching modality, which is not intended to replace existing ones, but allows a
multimodal and self-directed learning. Interactive 3D techniques have the potential to improve anatomy knowledge
and are increasingly demanded by medical students. (51) . The systematic review reported 7 promising studies on
AR content innovation, these were oriented to the development of application prototypes that use AR technology as
learning tools, designed to improve the learning environments of different disciplines of the Health Sciences,
promote student motivation, increase learning outcomes and build their capacity to engage passionately in self-
learning. (25)

The incorporation of AR-based applications for teaching and learning of different topics such as the 3D
visualization of the morphology of brain regions and the search for their function-al information, the teaching of
radiology and macroscopic anatomy, estimating food portions, teaching nursing injection practices, not only do they
improve the development of physical skills in students, but they are also welcomed as an inclusive teaching tool in
the curricula given their practical and useful effect on medical procedures and practices, reducing the likelihood of
error while increasing competition, motivation and learning(21) (31). How-ever, despite the imperative that the RA
has many advantages, is still a logistical and pedagogical challenge because it requires specialized equipment for its
execution that may not be available to all educational institutions. (28) From this systematic review concluded in the
first instance that the type of research that predominates is quantitative, with the use of experimental, quasi-
experimental designs and mixed de-signs that combine quantitative and qualitative techniques, as well as the
academic program with the highest number of research exercises is Medicine. As for the AR Technology Tools most
used in Higher Education for the programmatic contents of the health sciences area are the use of multimedia
technology, 3D modeling, real-time tracking and registration of objects, intelligent interaction, Image detection,
using mobile devices and portable tablets.
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