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ABSTRACT

The intersection between the 4th industrial revolution
technologies and Media, Information and Digital Literacy
(MIDL) promotes the critical use of ICT in the class-
room. Augmented reality can be applied in different
areas of knowledge, and one of the most explored fields
has been health. Educative activities report a consid-
erable presence of its application for learning processes.
This work aims to present the results obtained from
evaluating learning resources developed using augmented
reality technology. Students of health undergraduate
programs who participated in the Academic Day of the
Biomedicine program evaluated the resources; they all
belong to a Brazilian higher education institution. Eight
educational resources were evaluated, all related to the
arca of general anatomy. The resources were evaluated
by 41 students who answered a validated questionnaire
to evaluate educational resources with questions about
learning, interactivity, engagement, attractiveness, func-
tionality, and autonomy. The evaluation was considered
valid. The challenge is to find interactive alternatives that
stimulate and simultaneously incorporate content with
a depth appropriate to the subject’s objective. Critics
in the evaluation will serve as the basis for adjustments
in the next learning resources to be developed. In addi-
tion, PCA, correlated question checking, and Exploratory
Factor Analysis (EFA) techniques were applied to verify
the quality of the survey and group respondents into
segments.

Author Keywords
Augmented reality; general anatomy; learning resource.

INTRODUCTION
The general anatomy course is basic to all graduate pro-
grams in the health area and deals with the study of
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the structural organization of the human body from the
point of view of morphology and arrangement and the
relationships between organs and systems. Seeking in-
novative solutions for teaching, the research group in
adaptive intelligent environments (GAIA) proposes the
use of modern didactic resources —based on interactivity
and the use of three-dimensional visualization— based
on a technique known as augmented reality [7].

Media, Information, and Digital Literacy (MIDL) in dif-
ferent social contexts promotes people’s critical capacity
concerning the sources and content of information with
which they interact in their daily activities. Under the
MIDL approach, it is necessary to recognize the new
conditions generated by the 4th industrial revolution and
involve these technologies in the classroom according to
the expectations framed in the approach. Augmented re-
ality opens important ways for active learning and offers
resources that motivate and promote critical and creative
thinking in students.

Augmented reality (AR) can be defined as the addition of
virtual objects to the physical environment, presented to
the user in real-time with the support of a technological
device, using an interface of the real environment adapted
to visualize and manipulate real and virtual objects. AR
is a technology to enrich the perception of reality, being
a potentiator of the five senses with which the human
being perceives reality. AR allows complement reality
with a digital environment; in more technical terms, AR
groups the technologies that allow the superposition of
virtual information on real objects [1].

The use of augmented reality applied to health has been
the target of research in recent years. A brief search was
conducted in Medline on articles that refer to the use and
development of educational resources that use augmented
reality technology, seeking to know the reality in the
health area. The search equation used was “augmented
reality” AND “education”. Only 170 articles were found,
published between 1997 and 2018, arranged as presented
in Figure 1. There is a growing interest in the use of
this technology in health education. Although there is a
growing trend in the number of works in this area, the
number of published articles is low, which shows that
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there is room for developing proposals involving the use
of augmented reality in education.

Some medical areas, such as medical education and train-
ing, surgical simulation, neurological rehabilitation, psy-
chotherapy, and telemedicine, use augmented reality tech-
niques. Several works are being developed to implement
visualization systems with augmented reality to provide
accessible and user-friendly interfaces that support medi-
cal interventions and present patient information [2,11].
An example is the tool developed for visualization and
simulation of cardiac signals [9]. Support for teaching
the interpretation of ultrasonography images [10] and in
teaching and personalized rehabilitation of patients [3]
are two other examples of the use of augmented reality
in healthcare teaching. Bioinformatics is another area
of healthcare that has been benefiting from augmented
reality tools for 3D visualization of models of biochemical
structures [4]. In college education, [5] seek to know the
opinion of students on the application of augmented real-
ity in their learning process. Nevertheless, it is verified
that there are still challenges to be addressed, which is
why augmented reality in healthcare offers several re-
search opportunities.

One of the challenges in using active learning methods
is presenting the problems to the students so that they
can work and study the contents at any time and in any
place. In health courses, augmented reality technology
seems to be adaptable as a content development strategy.
However, it is necessary to assess students’ perceptions
about the relevance of AR in their learning process. This
work presents an evaluation of educational resources for
learning human anatomy. The guiding principle of this
work is to bring students closer to human anatomical
pieces in a presentation close to the reality they are used
to, in an interactive way that allows stimulating and
persuading students to deepen their knowledge on the
proposed topic.

This paper presents the evaluation of 8 educational re-
sources related to general anatomy. The rating of these
resources seeks to establish whether the educational re-
sources serve as a tool to support the learning process and
their capacity to increase students’ motivation. Forty-
one students participated in the evaluation of educational
resources. The evaluation of the resources was done by
rating 15 statements with scores between 1 and 5. In
the end, students are asked to answer three open-ended
questions about their experiences.

This document is structured as follows: in the previous
paragraphs the research area is presented, in the section
2 the principle of operation of the educational resources
and the tools used for their development are presented.
In section 3 the details of the evaluation conducted are
presented, as well as the questionnaire applied. The
results obtained are discussed in the section 4. Finally,
the conclusions and future work are presented in the
section 5.
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Figure 1: Number of articles found with the search engine
pubmed with the search equation: “augmented reality”
AND “education”.

DEVELOPMENT OF AUGMENTED REALITY EDUCA-

TIONAL RESOURCES

In order to offer educational alternatives that motivate
students to acquire new knowledge in the classroom, edu-
cational resources have been developed in different fields
of study, including health. In previous works of the
Research in Adaptive Intelligent Environments (GAIA)
group of the National University of Colombia Maniza-
les headquarters [6, 7|, augmented reality educational
resources have been built in areas of natural sciences,
social sciences and computer science. Specifically, in the
area of basic anatomy, several learning resources are avail-
able, stored, described and available in the federation
of learning resources repositories Colombia (FROAC).
There are different tools for the development of resources
based on augmented reality; the following were used for
the presented objects: 1) Unity 3D, Vuforia, Android
Studio and 3ds Max.

The available augmented reality objects must be executed
in a mobile device or emulated environment, achieving
interaction with the resources through triggers (markers
or images), such as the one shown in figure 2. For each
of the learning resources, there is an activator allusive
to its content. The interaction is performed by taking
advantage of the information obtained from the mobile
device’s inertial sensors in conjunction with the relative
position of the marker. In addition, 3D object exploration
is allowed with functions such as zoom and rotation. An
example of one of the educational resources is presented
in Figure 2.

MATERIALS AND METHODS

This work aims to have students in the health area evalu-
ate learning resources with augmented reality. From the
results, we seek to know the relevance of using the devel-
oped resources and possible improvements to enhance the
learning process. To evaluate the educational resources,
a form developed in [6] was applied. Eight educational




(a) Marker detection.

(b) Zoom functionality.

Figure 2: Educational resource related to the skeletal
system. Marker detection and the use of the zoom func-
tionality are presented.

resources in the area of general anatomy were selected
to be evaluated by health students. These are part of
a set of educational resources with augmented reality
developed as part of a project by the GATA group [6,7].
Three undergraduate students and one master’s student
participated in the construction of the educational re-
sources while carrying out other project activities with a
1-year linkage.

The learning resources were evaluated by 41 students
from the biomedicine program of the Universidade Fed-
eral de Ciéncias da Satude de Porto Alegre (UFCSPA)
aged between 19 and 24 years. Each one was asked to
interact with the learning resources they were interested
in and fill out a form considering their experience. This
form evaluates each educational resource in the educa-
tional, aesthetic, functional, and content dimensions. The
questions grouped in the educational dimension assess
the contribution of the resource to student learning. The
questions that make up the aesthetic grouping aim to
inquire about the students’ opinion of the user interface
and its ability to motivate them to access the educational
content. The functional dimension seeks to rate the stu-
dent’s experience regarding their interaction with the
user interface and its effectiveness in allowing them to
access the educational content; it also aims to evaluate
the platform’s ability to provide an effective interaction
with the content in case of failures. Finally, the questions
grouped in the content dimension seek to inquire about
the subjective relevance of the content presented by the
educational resource.

Through the form, participants were invited to rate 15
statements according to the following ratings: totally
agree (5), partially agree (4), neither agree nor disagree
(3), partially disagree (2), totally disagree (1), not applica-
ble (N/A). In addition, they were asked to add comments
about what they liked most about the educational re-
source, what they liked minor and additional observations.
The table 1 presents the statements rated for each of the
interactions with the educational resources. Figure 3
shows students interacting with one of the educational
resources.
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Figure 3: Students interacting with the learning re-
sources.

The content validity of the questionnaire was endorsed
by experts in the group and the Cronbach’s reliability
coefficient 0.943 was calculated. Cronbach’s reliability
cocfficient o was calculated, resulting in 0.943. The
minimum acceptable value Cronbach’s alpha coefficient
is 0.7 and greater than 0.8 is considered to have high
internal consistency [8].

RESULTS AND DISCUSSION

The evaluation form groups 15 statements into four di-
mensions: educational, content, aesthetic and functional.
The rating of these resources in the last two dimensions
obeys the objective of applying new technologies in the
classroom: to increase student motivation in the learning
process. High scores on these dimensions may imply a
higher engagement on the part of the students.

The goal of educational resources is to support the learn-
ing process. Thus, rating the educational and content
dimensions allows evidence of the latter’s achievement.
In addition, the evaluation of the latter seeks to quantify
the perceived relevance of the resources. High scores
in the educational dimension imply that the resources
contribute to learning, are consistent with their objective,
and offer feedback to the student to facilitate his or her
learning process. Higher scores in the content dimension
imply consistency between what the user expects to find
and the content offered. Through this dimension, the im-
portance of the content for the evaluator of the resource
can be quantified.

Figure 4 shows box plots of the evaluations of each of
the statements for 5 educational resources. The results
for the resources digestive system, skeletal system and
respiratory system are not presented because they only
received 1, 1 and 2 evaluations, respectively. The edu-
cational resources that received the highest number of
evaluations were those related to the muscular system,
with 11, and the circulatory system and heart, each with
7. Among the 41 evaluations performed, 5 do not rate
a specific educational resource and are not presented in
the ratings per educational resource.



Table 1: Statments assessed by the students.

Dimensién  Statement

1. The content of the educational resource is in line with its objective.

Educative

2. The content of the educational resource contributed to your learning.

3. The educational resource provided the necessary feedback to understand the topic presented.
4. The educational resource generated more interest in the topic after using it.

5. The colors and their contrast, the images, the size of the elements and the layout of the space facilitated

Aesthetic

images, tables, etc.) is pleasing.

their interaction with the educational resource.
6. The appearance of the educational resource (color contrast, distribution of elements such as text,

7. The user interface design implicitly or explicitly indicates how to interact with the educational resource.
8. Font and text size and text size is readable and allowed a good reading speed.

9. Access to the content of the educational resource was allowed.
10. It was easy to interact with the educational resource.

Functional
content.

11. The educational resource presents some kind of help or instructions to guide navigation through the

12. Buttons and links are easy to find and quick to perform the required action.
13. In the event of an error or failure, the educational resource allowed you to continue from the point

where you were before the error occurred.

Content

14. The content of the educational resource is relevant to your life, personal goals and interests.

15. The educational resource was related to what you expected to find in it.

The statements that, on average, had the best and worst
ratings were “‘The content of the educational resource
matches its purpose” and “‘In the event of an error or
failure, the educational resource allowed you to continue
where you were before it occurred” with 4.98 and 3.79,
respectively. Table 2 presents the averages of the 41
assessments for each of the dimensions, in addition to
the overall average. The average age of the students who
participated was 21 years old.

The educational resource related to the heart scored
between 4 and 5 points for statements 1 to 10. For this
same resource, the first quartile of evaluations for the
statement “Buttons and links are easy to find and quick to
perform the necessary actionO is between 1 and 3 points.
For statements 10, 11 and 12, related to functionality, a
median of 4 was obtained, with quartiles 3 and 4 grouped
between 4 and 5 points. In the case of the human body
educational resource, the statements “Buttons and links
are easy to find and quick to perform the necessary action”
obtained a median of 3 points with a minimum score of
1 point.

The educational resource circulatory system obtained the
lowest ratings in the statements “‘The design of the user
interface implicitly or explicitly indicates how to interact
with the educational resource” and “‘Buttons and links are
easy to find and quick to perform the necessary action”.
Although the first of the above statements had a median
of 4 points, 25% of the evaluations were below 3 points.
For the second statement, 50% of the evaluators scored
below 3 points. Both obtained a minimum score of 1
point.
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The resources “skeletal system” and “muscular system”
obtained evaluations between 3 and 5 points for all state-
ments. The ratings obtained for statements 1 to 4 stand
out in both resources.

Table 2: Averages of the evaluations by dimension and
overall score

Dimension Average
Educative 4,89
Aesthetic 4,20
Functional 4,20
Content 4,67
Global average 4,49

The questions related to the educational and content
dimensions obtained scores between 4 and 5 points in all
cases. In addition, for each object, 50% of the evaluations
in questions 1 to 4 are grouped in a score equal to 5.

In figure 7 the results of the evaluations are synthesized
through box plots, presenting the average scores per
dimension and grouped by learning resource. Those
evaluations that did not mention a specific educational
resource are grouped in an additional graph. 50% of
the evaluations for each object were rated with a score
of 5 among the statements related to the educational
dimension. Quartiles 3 and 4 are between 4 and 5 points
for all learning resources regarding the content dimension.

In the evaluations that did not specify an educational
resource, the educational, aesthetic, and functional di-
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Figure 4: Box plot of the evaluations of each of the statements, grouped by learning resource.
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Figure 5: Marcador del recurso educativo cuerpo humano.

mensions obtained a median of 5 points. In this case, the
functional dimension had lower scores.

The aesthetic and functional dimensions presented more
dispersed ratings than the others. On the other hand,
only the educational resources heart and muscular system
have a median above 4 points for the aesthetic dimension.
However, for the same dimension, quartile 4 of all objects
is above 4 points. In the functional dimension, the re-
sources circulatory system, skeletal system, and muscular
system obtained a median above 4 points. On the other
hand, the human body resource had all the evaluations
grouped below 4 points for all dimensions.

Among the results obtained, the ratings in the aesthetic
and functional dimensions stand out for the educational
resource “human body”, which stands out for its complex-
ity when compared to other resources. It incorporates
different systems and allows the visualization of each
one through user interaction with the marker. Each of
the 10 circular areas, which allow interaction, represents:
the respiratory system, the skeletal system, the male
reproductive system, the muscular system, the brain, the
visual system, the digestive system, the endocrine system
and a representation of the body of a male human. To
switch between each of the models offered by the content,
simply limit the passage of light on the corresponding re-
gion as if each of the regions were a button to be pressed.
Figure 5 shows the marker for the educational resource
“human body”. Figure 6 shows some of the alternative
views that this resource allows.

The low scores of this resource in the functional dimen-
sion can be explained by the way in which the interaction
is performed. By default, the resource presents the bone
system and the visualization of the other models depends
on holding down the corresponding region. This feature
can make it difficult to rotate and zoom the educational
resource. In this one, each of the different display options
are consistent in terms of size and relative position. Thus,
negative ratings in the functional dimension may be re-
lated to the relative position of the user when making
transitions. Smaller models require zooming in order to
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improve rendering. In some cases, this situation may not
have been noticed by users.

(b) Sistema
digestivo.

(a) Cuerpo
humano.

(d) Cerebro.

(c) Sistema
muscular.

Figure 6: Vistas alternativas para el recurso educativo
cuerpo humano.

Survey segmentation analysis

A segmentation analysis were applied to verify the qual-
ity of the survey and grouping respondents into popula-
tions, the following steps were performed: 1) Check the
scale of the data set, 2) a principal Component Anal-
ysis (PCA) to assess the robustness of the survey and
ability to pool the data, 3) checkup of the correlated ques-
tions, 4) an observation of the final segments obtained
by exploratory factor analysis (EFA). Python sklearn
and factor analyzer libraries were used for the modeling
statistics and the grouping of surveys, respectively. The
Survey Validity was evaluating with PCA, to determine
if the survey to group respondents into various segments.
Figure 8a show the eigenvalues of the features and at
least 4 have a value greater than 1. After confirming the
eigenvalues, we evaluate the number of features explains
a large portion of the variance (threshold 80%), as can
be seen in the Figure 8b.

Finally, in the survey validation reviews that the compo-
nents of the PCA are showing types of different popula-
tions. If all populations include the same characteristics,
then the survey is not segmenting the population well.
The table 3 shows that the populations are very different.
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Figure 8: Results of the PCA analysis

Table 3: Features for each component and populations.

1st Max 2nd Max 3rd Max 4th Max

PC-1 4 15 1 2
PC-2 3 13 7 11
PC-3 11 7 13 15
pPC4 7 3 11 6
PC-5 3 11 14 5
PC-6 11 12 1 9
PC-7 5 8 14 3
PC-8 6 13 12 3
PC9 12 5 13 15
PC-10 8 9 6 4
PC-11 14 12 7 2
PC-12 6 10 14 1
PC-13 9 7 5 1
PC-14 1 10 4 14
PC-15 10 11 4 14

As an additional analysis, correlating statements was
carried out. When highly correlated statements are found,
it means that the responses of a user to these will be the
same, and the impact on the results or the importance
of this correlation should be analyzed. The heat map in
the Figure 9 shows that there are no high correlations.

To analyze the respondents as segments, which can give
us an idea of their behavior regarding the characteristics
investigated, EFA (Exploratory Factor Analysis) was
applied to create our segments. First, with the list of
the eigenvalues, our factors were mapped. Then, it is
recommended to create five segments and a new model
to observe the reflection of each characteristic in each
segment. For the analysis of the segments, only those in
which the values obtained with Factor Analysis exceeded
the positive or negative value 0.5 were taken, obtaining
the table 4. Finally, these results were combined to get
closer to the categories defined in the survey and the
segments renamed to match the interests reflected by the
statements in the survey.

These factors explain 66,10 % of the variance. This
analysis allows us to appreciate that users have different
preferences regarding educational content, but that in
order to meet expectations, resources must be designed
and built taking into account educational characteristics
and content, aesthetic and functional.

Comments

At the end of the evaluation, students were asked to add
comments about what they liked most about the educa-
tional resource, what they liked the least and additional
observations. The most recurrent comments about what
they liked most were related to the 3D visualization, in-
teractivity, and zoom functionality. Participants liked the
details of the 3D models, the ability to explore the model
by moving the mobile device, and the ease of studying
the subject with this type of resource.
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Table 4: Segments with relationship greater than 0.5

Content Esthet Functional FeedBack Guide Educat Obj Educat Learn

1 NaN NaN NaN 0.938538 NaN
2 NaN NaN NaN NaN 0.99576
3 NalN NaN 0.652031 NaN NaN
4 NaN NaN NaN NaN NaN
5 0.909373 NaN NaN NaN NaN
6 0.902584 NaN NaN NaN NaN
7 NaN NaN 0.506923 NaN NaN
8 NalN 0.757656 NaN NaN NaN
9 0.618083 0.587243 NaN NaN NaN
10 NaN 0.879725 NaN NaN NaN
11 0.765808 NaN 0.548746 NaN NaN
12 NaN 0.762469 NaN NaN NaN
13 0.508675 NaN NaN NaN NaN
14 0.759294 NaN NaN NaN NaN
15 NaN NaN NaN NaN NaN

In the responses about what they liked least about the
resources, they found: poor image stability, a lack of
precision when pressing the buttons, and the lack of
information about how to interact with the resource. Ad-
ditional observations included: including all the systems
in a single application and increasing the speed, inter-
activity, and content of the resources. The ability to
interact with each of the muscles presented was proposed
1.0 in the learning resource about the muscular system.

0.8 CONCLUSIONS AND FUTURE WORK

The ratings obtained for the educational and content
dimensions allow us to conclude that the educational
resources evaluated to achieve the objective of supporting
the learning process. However, they can be improved
in the aesthetic and functional dimensions. From the
comments received at the end of each evaluation, it is
04 concluded that the user experience can be improved in

future versions of the learning resources.

0.6

In the validation checks of the initial survey, it was deter-
mined that the components of the PCA show different
types of populations and that there is a low correlation be-
tween the questions. Using EFA for the segment analysis,
0.0 five segments related to the respondents’ preferences were

determined: Content and aesthetics, Functional aspects,

FeedBack Guide, Educative Objectives, and Educative
0.2 Learning, respectively. These results allow understand-

ing that respondents differ in preferences and that it is
Figure 9: Correlations heatmap between statements. necessary to maintain all aspects in the design and de-
velopment of augmented reality resources to cover the
entire population.
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Based on the comments received in the evaluation of
the learning resources, future work related to the user
experience and focused on improving the aesthetic and
functional dimensions is proposed. One of these is op-
timizing performance based on the adaptive processing
of the 3D object that considers the marker’s relative
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position. In addition, it is proposed to improve the in-
teraction by processing inertial signals from the mobile
device. The inclusion of a designer can achieve other
resource improvements. Their participation would allow
the improvement of the user interfaces to improve the
aesthetic and functional dimensions.

The participation of the students provided the desired per-
spective to achieve the activity’s objective. The challenge
is to look for interactivity alternatives that stimulate and
simultaneously include educational content with a depth
appropriate to the subject’s objective. The appropriation
of the tools used in developing the educational resources
values the feedback from the students and will allow the
developers to improve them.

ACKNOWLEDGMENTS

The research team would like to thank Professor Sandrine
Wagner for allowing the evaluations of the educational
resources to be carried out within the framework of the
academic day of the Biomedicine program of the Universi-
dade Federal de Ciéncias da Satde de Porto Alegre. Also,
to the Colombian engineer Maria Jaramillo Gonzalez for
her support in the same process.

This article is result of the work developed through
the RESEARCH PROGRAM RECONSTRUCTION OF
THE SOCIAL TISSUE IN POST-CONFLICT AREAS
IN COLOMBIA SIGP Code:57579 with the research
project Strengthening teachers from Media, Information
Literacy and CTel, as a didactic-pedagogical strategy
and support for the recovery of trust in the social tissue
affected by the conflict. SIGP code 58950. Funded within
the framework of the Colombia Cientifica call, Contract
No FP44842-213-2018.

REFERENCES
[1] Ronald T. Azuma. 1997. A Survey of Augmented
Reality. Presence: Teleoperators and Virtual
Environments 6, 4 (1997), 355-385. DOI:
http://dx.doi.org/10.1162/pres.1997.6.4.355

[2] C. Bichlmeier, S. M. Heining, M. Feuerstein, and N.
Navab. 2009. The Virtual Mirror: A New
Interaction Paradigm for Augmented Reality
Environments. IEEE Transactions on Medical
Imaging 28, 9 (Sept 2009), 1498-1510. DOI:
http://dx.doi.org/10.1109/TMI.2009.2018622

[3] F. Bork. 2018. Interactive augmented reality
systems. Der Unfallchirurg 121, 4 (01 Apr 2018),
286-292. DOI:
http://dx.doi.org/10.1007/s00113-018-0458-y

10|

[11]

97

[4] Alexandre Borrel and Denis Fourches. 2017.
RealityConvert: a tool for preparing 3D models of
biochemical structures for augmented and virtual
reality. Bioinformatics 33, 23 (2017), 3816-3818.
DOI:http://dx.doi.org/10.1093/bioinformatics/btx485

[5

Igor Cicek, Andrija Bernik, and Igor Tomicic. 2021.

Student Thoughts on Virtual Reality in Higher
Education—A Survey Questionnaire. Information

12, 4 (2021). DOI:
http://dx.doi.org/10.3390/inf012040151

[6] Néstor Duque-Méndez, Demetrio Arturo
Ovalle Carranza, and Julian Moreno Cadavid. 2017.
Tecnologias para Entornos Educativos Ubicuos,
Adaptativos, Accesibles e Interactivos para Todos (1
ed.). Universidad Nacional de Colombia.

[7] E. J. Hernandez-Leal, Néstor Duque-Méndez, M. G.
Ocampo, and P. A. R. Marin. 2017. Construction of
learning objects with Augmented Reality: An
experience in secondary education. In 2017 Twelfth
Latin American Conference on Learning
Technologies (LACLO). 1-7. DOI:
http://dx.doi.org/10.1109/LACLO.2017.8120948

[8] Selim Kilic. 2016. Cronbach’s alpha reliability
coefficient. Journal of Mood Disorders 6, 1 (2016),
47. DOTI:
http://dx.doi.org/10.5455/jmood.20160307122823

[9] E. Lamounier, A. Bucioli, A. Cardoso, A. Andrade,
and A. Soares. 2010. On the use of Augmented
Reality techniques in learning and interpretation of
cardiologic data. In 2010 Annual International
Conference of the IEEE Engineering in Medicine
and Biology. 610-613. DOI:
http://dx.doi.org/10.1109/IEMBS.2010.5628019

Faraz Mahmood, Eitezaz Mahmood,

Robert Gregory Dorfman, John Mitchell,
Feroze-Udin Mahmood, Stephanie B. Jones, and
Robina Matyal. 2018. Augmented Reality and
Ultrasound Education: Initial Experience. Journal
of Cardiothoracic and Vascular Anesthesia 32, 3
(2018), 1363 — 1367. DOI :http://dx.doi.org/https:
//doi.org/10.1053/j.jvca.2017.12.006

N. Navab, T. Blum, L. Wang, A. Okur, and T.
Wendler. 2012. First Deployments of Augmented
Reality in Operating Rooms. Computer 45, 7 (July
2012), 48-55. DOI:
http://dx.doi.org/10.1109/MC.2012.75



