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Abstract
The use of different technologies and technological solutions for learning purposes is 
no longer a novelty in the educational environment. Digital teaching materials are being 
developed that can be used both in classroom activities and for providing students with 
opportunities for independent learning. However, alongside these materials, there are vari-
ous additional opportunities that can be used in the educational process to make learning 
more interesting and to motivate learners to become more actively involved in the con-
struction of their knowledge. One is mobile applications, where augmented reality (AR) 
solutions enable the anatomy to be learned interactively by accessing knowledge tradition-
ally provided through two-dimensional teaching aids, or sometimes through static three-
dimensional objects. Mobile applications with AR solutions allow to understand the anat-
omy from both the external and internal dimensions of the body without being in a specific 
laboratory or anatomy laboratory (anatomicum). This article summarizes the evaluation 
results of 41 applications analyzed in the first evaluation phase, and seven mobile appli-
cations that met all of the advanced selection criteria were selected for in-depth analyses 
using a developed evaluation framework with 19 criteria from three areas: (a) technological 
performance, (b) information architecture, and (c) educational value.

Keywords Mobile application · Augmented reality · Learning anatomy · Educational 
value · Evaluation rubric

1 Introduction

Augmented reality (AR) is an enhanced version of reality created by the use of technology 
to overlay digital information on an image of something being viewed through a device, 
such as a smartphone camera (Merriam-Webster, n.d.), and it can be used on a wide array 
of media in the form of desktops, smartphones, and mobile devices in different areas, 
including to promote learning (Forsyth 2011). Researchers believe that AR solutions have 
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great potential for educational use (Cowling and Birt 2018) because it is possible for them 
to provide high-quality visualizations that can help improve learning processes (Morrison 
et al. 2011), which points to the importance of graphical solutions in the development of 
AR products. AR solutions provide interactive experiences by adding virtual elements to 
the real world (Höllerer and Feiner 2004), which enhance students’ ability to be active par-
ticipants in the learning process and participate in knowledge building as AR solutions can 
support the self-control, self-study abilities and autonomy in learning activities of students 
(Karagozlu 2018).

AR solutions for education are currently being analyzed in different contexts. Innova-
tive solutions are being sought to increase students’ knowledge of particular concepts and 
to make the learning process more interactive and to analyze specific areas of knowledge 
where AR solutions can help to achieve learning goals, which can be voluntarily set by 
the students themselves or sourced from the curriculum. The use of such applications has 
been analyzed in physics (Cai et  al. 2017), biology (Hwang et  al. 2016), chemistry (Cai 
et al. 2014), and mathematics (Bujak et al. 2013). An article has also been written on using 
AR applications for learning anatomy (Rodriguez-Pardo et al. 2015). Most of these articles 
analyze small groups of students and the conclusions made are very optimistic about the 
possibilities of AR solutions.

There are some authors who assume that most AR technologies are designed with no 
actual educational agenda in mind (Yuen et al. 2011), and a literature analysis on the use of 
AR solutions in education shows that it is necessary to deepen research specifically in the 
field of education to clarify curricula, assessments, teachers’ professional and digital com-
petence (Biezā 2020), and teacher training to work on these solutions (Koutromanos et al. 
2015). This indicates that despite the numerous articles describing the benefits of using 
AR in the organization of the learning process, it is also necessary to understand the edu-
cational value of a given application and their shortcomings to back them up with teachers’ 
seamless presence. The potential of AR solutions also needs to be evaluated so that they 
can be used as tools for scaffolding learning and for the development of metacognition 
(Sweller 2006), rather than just to entertain and fascinate people.

The field of AR research can be viewed in three main categories—technical solutions, 
information architecture and applications of AR. This study analyses AR applications from 
educational perspective and specifically AR applications for learning purposes, because it 
comes very challenging for educators to find and navigate the AR learning applications 
in order to ensure that the set learning objectives will be achieved. This article focuses on 
AR solutions for learning anatomy available through mobile devices, where connection to 
the content on the application is possible anytime, anywhere and without the need to use 
any other physical objects for anatomy learning to take place. A developed and approbated 
evaluation rubric (Daniela and Aierken 2020; Daniela 2020), refined for the purposes of 
this study, is used to analyze the various augmented applications for learning the anatomy 
of the human body from three different aspects that are synergistically complementary: (a) 
technological performance, (b) information architecture, and (c) educational value but all 
these dimensions are evaluated from the learning perspective to merge together new meth-
ods of knowledge searching and the principles of knowledge acquisition (Bal 2018) and to 
ensure that technological perspective is not taken in forefront but a wide variety of technol-
ogy enhanced methods of knowledge searching are supporting learning.

The article is based on the idea that AR solutions can be incorporated successfully in the 
learning process, but before they can be used, their capabilities and limitations need to be 
identified. The following research objective can thus be posited—to evaluate mobile appli-
cations for learning anatomy in AR mode to understand their potential from educational 
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perspective and the limitations that should be borne in mind. The related research question 
can therefore be expressed as follows: what is the utilization and educational potential of 
mobile applications for learning anatomy in AR mode?

This paper is structured as follows: the analyses of the latest literature on mobile appli-
cation usage possibilities for learning purposes; further the explanation of the research 
design and methods used is given which is followed by the research results and a discus-
sion of the results and the final part is devoted to the conclusions drawn from the data col-
lected during the research.

1.1  Research Approach

1 To achieve the goal of the study, the authors used an evaluation rubric, which was 
updated to add more structure (see ’’Appendix 2’’).

2 Applications were searched for on the App Store using the keywords “AR anatomy” 
and “augmented reality anatomy”. At the time of the study, 41 applications were found 
to be available, and after their evaluation, seven were further evaluated according to the 
evaluation rubric.

3 The results were analyzed from a possible learning perspective using quantitative and 
qualitative data analysis methods.

2  Augmented Reality Apps for Educational Purposes

AR solutions can be used successfully in education as they stimulate interest in the learn-
ing process (Bressler and Bodzin 2013; DeLucia et al. 2012; Collins 2009). They also have 
the potential to change the timing and the environment of the learning, offer innovative 
learning methods, and are believed to have an impact on learning processes (Billinghurst 
and Dunser 2012). AR solutions allow students to access visual information that they 
would not see if only physical objects were used in the learning process (Nischelwitzer 
et al. 2007), and if they are not available, the learning process has to be based only on theo-
retical explanations of the subject which can play a role in problematic knowledge acquisi-
tion (Zghida et al. 2019).

In a literature review on the use of AR in education, Chen et  al. (2017) concluded 
that research has demonstrated the positive impact of AR on learning motivation, which 
provides an improvement in learning outcomes, and related that AR solutions are rich in 
graphics and other notable interaction features. Altinpulluk (2019) analyzing articles on 
the impact of AR on education, also found that it has a huge impact on learning processes, 
because AR solutions help students to learn anytime and anywhere, and can support stu-
dents with visualization problems to understand huge systems and micro-organisms that 
would otherwise be difficult to imagine. Controversially, Garzón and Acevedo (2019) found 
in a literature review on the use of AR solutions in education that there is only one article 
in which AR is evaluated from the perspective of improved learning outcomes; all the oth-
ers are analyzed in a specific context, analyze specific cases, or analyze literature on pos-
sible outcomes. They also concluded that most of the articles analyzed did not mention the 
use of quantitative research methods, indicating that the optimistic results obtained could 
not be generalized. Those conclusions do not mean that there is no potential in use of dif-
ferent AR solutions but they should be perceived with a caution that different technological 
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methods can help to differentiate the way of knowledge is accessed but knowledge acquisi-
tions should be supported.

This study on the use of mobile applications with AR solutions for learning anatomy 
has a multifold nature because it is necessary to explore how interactive learning tools (in 
the context of this study, mobile AR applications) can be used to motivate student learn-
ing and support knowledge development; to understand what AR applications’ limitations 
are and to replace them with other pedagogical activities, thus creating a blended learning 
approach; to demonstrate how institutional barriers to learning, such as time-bound and 
curricular learning, can be overcome, and to promote the exploratory learning nature of 
learners; and to provide AR mobile application developers with guidelines to help build 
applications with greater educational value. This research article deals with the first two 
above-mentioned aspects, and the latter two will be analyzed in later stages of this research 
project.

3  Research Design and Methodology

This study was conducted from a phenomenological perspective, using the approach devel-
oped by Hitzler et al. (2004) who emphasize the subjective experience of the researcher 
in the field which essentially is utilised (explicitly and reflexively) as a tool for collection 
and interpretation of data, more precisely, it used the principles of transcendental design 
to analyze applications for learning anatomy (Moustakas 1994), and a hermeneutic design 
(Wernet 2014) was used for the interpretation of the data obtained from the analysis.

In the first stage of the selection of augmented reality mobile apps, the digital distri-
bution platform “App Store” was searched using the keywords “AR anatomy” and “aug-
mented reality anatomy”. Searches were made for augmented reality apps for both phones 
and tablets in order to view the wider market. Information on the apps offered by the App 
Store was inserted in an Excel file and sorted by the title of the app, the device on which it 
can be used (phone and/or tablet), the existence of an additional in-app charge or purchase, 
language, and whether an augmented reality mode is provided in the app.

In the second stage of selecting apps for further analysis, apps that were provided in 
English, offered an augmented reality experience mode and did not have in-app purchases 
or did not include a fee that prevented the app from being analyzed were selected. Also, 
it was essential that the app could be used by anyone, anywhere with a phone or tablet, 
that it could be used remotely, and that it did not require any specific objects or QR code 
to access the content. The selected apps were not tested on specific learners or to assess 
specific knowledge acquisition, but were analyzed from the perspective of their educational 
potential.

The procedure to evaluate the applications was as follows—both researchers evaluated 
all the selected apps according to the criteria chosen by using their subjective personal 
experience as educators based on an approach developed by Honer (2004) and Hitzler and 
Eberle (2004). After the first phase of evaluations the researchers discussed the evaluation 
results to come to consensus and data was summarized in a table, which was later analyzed 
hermeneutically.

Criteria for the evaluation of augmented reality applications for learning anatomy were 
developed and divided into three groups (see Fig. 1):

1 Technological performance (8 criteria);
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2 Information architecture (6 criteria);
3 Educational value (5 criteria).

There was also a criterion indicating the age group for which the learning app may be 
more suitable, but as there were only seven apps suitable for in-depth evaluation, informa-
tion on the age groups was collected but was not specifically analyzed. All the criteria were 
evaluated by choosing one of three levels. These levels were indicated by numbers from 1 
to 3, where 1 indicated the lowest level of the criterion, 2 indicated the medium level, and 
3 indicated the highest level. Only in the last row of criteria, where an opinion on the age 
group of the app was given, could more than one answer be chosen. Each criterion has 
different descriptions for the levels (see ’’Appendix 2"), which are selected according to 
the evaluator’s opinion based on the extensive literature analysis and in the evaluation, the 
authors’ personal educational experiences were used as an evaluation frame. This structure 
of the evaluation framework was borrowed from Stevens and Levi (2013) and customized 
to the specifics of the apps. As shown in Fig. 1, all criteria and their groups interact with 
each other, influencing the information perception process.

The obtained quantitative data on the training applications were analyzed by calculat-
ing the mean for each application, for each criterion, as well as for each group of criteria 
separately.

4  Research Results and Discussion

In order to evaluate and conceptualize the existing and potential usability of the augmented 
reality apps for learning anatomy, 41 apps were detected in the first stage of app selec-
tion (see ’’Appendix 1’’) that corresponded to the chosen keywords “AR anatomy” and 
“augmented reality anatomy”. Of these apps, 25 contained in-app purchases, for example, 
a particular book (n = 4), a T-shirt (n = 2), a Merge Cube (n = 1), a torso of a plastic body 
(n = 1), worksheets (n = 1), a specific box (n = 1), and others. One app provided an indi-
vidual system that required the payment of a fee to view or use it, and a free trial for a few 
days was offered by another app. One app was designed for a specific exhibition that a user 
had to be at and another asked for a special code, but it did not explain how to get it. All the 

Fig. 1  Groups of criteria for the 
evaluation of the learning apps

Technological 
performance (8 

criteria)

Information 
architecture  (6 

criteria)
Educational value 

(5 criteria)

Learning 
App
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apps which were not fully available for evaluation were excluded from in-depth analyses. 
Of the selected 41 applications, 21 were designed just for phones and 10 just for tablets. 10 
applications could be used on both phones and tablets.

In the second stage of the selection of the anatomy apps, seven applications met the 
selection criteria (see Table 1) and were fully analyzed, using the criteria for the evaluation 
of AR applications for learning about the structure of the human body shown in "Appendix 
2". Table 1 provides a description of each application and information on the body systems 
and layers that can be explored within the applications.

Initially, the average scores of all criteria were calculated without distinguishing specific 
groups of criteria. After that, the mean for each mobile app was calculated and then for 
the separate criteria groups within each app. Thereafter, the averages for each set of crite-
ria and for each criterion were calculated separately, taking into account the results of all 
applications selected for the in-depth analysis.

The mean values of all the apps are shown in Fig. 2. The highest score was shown by 
“The Brain AR” and “Humanoid AR” (2.21), while the lowest score was displayed by 
“Sigvaris Group Vein” and “Figure Anatomy” (1.68). It should be mentioned that these 
two applications with the lowest average score are not intended for the direct study of the 
anatomy of the human body in compulsory education; “Figure Anatomy” is designed to 
represent the human body for those who study drawing in order for them to better under-
stand the body in motion, while “Sigvaris Group Vein” is an app developed by the com-
pany Sigvaris to educate people on leg vein health by offering treatment options, medica-
tion instructions, and promoting their own medical compression garments but these apps 
were included in evaluation as the structure of them have some educational potential.

The mean values of all apps in the three criteria groups are shown in Fig. 3. An aver-
age score was calculated for each group, which is provided by the average score of the 
criteria for each application within the relevant group. Within the group of technological 
performance aspects (8 criteria), the mean score of all learning apps was 2.38, which is 
the highest score of all three criteria groups. The least attention was paid to the informa-
tion architecture aspects (6 criteria) that gave an average score of 1.62 for all learning apps 
analyzed. As the results of the data calculation show, similarly little attention was paid to 
the educational value aspects when designing anatomy applications. The evaluation results 
of the five educational value criteria resulted in a mean value of 1.69, which reveals that 
during the design and development of a learning application, less attention is paid to edu-
cation, which could ensure the product’s efficient and effective use and the acquisition and 
persistence of the knowledge that the app could provide and it confirms the conclusions 
made by Garzon and Acevedo, 2019, that such solutions can’t replace human pedagogical 
work, at least in this stage of development.

For the technological performance criteria, “Luke AR” and “The Brain AR” both had 
the same highest score (2.63), followed by “Human Anatomy 4D” with a mean value of 
2.50. The lowest score for the technical criteria was recorded by the “Sigvaris Group Vein” 
application (2.13). Three apps had the same score of 2.25: “Figure Anatomy”, “Virtual 
Skeleton” and “Humanoid AR+ ”.

For the information architecture criteria group, the mean score for all learning apps was 
1.71. “Humanoid AR+ ” had the highest mean score (2.50), followed by “The Brain AR” 
and “Human Anatomy 4D” (2.00). “Figure Anatomy” had the lowest possible mean value 
(1.00), followed by “Luke AR” (1.17), pulling down the overall score of this group.

Within the educational value criteria group, the highest mean value (1.80) is shared 
by four apps: “Human Anatomy 4D”, “The Brain AR”, “Luke AR” and “Humanoid 
AR+ ”. The lowest mean score of 1.40, which is still very close to the highest score in 
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the same group, was recorded by the “Sigvaris Group Vein” app and results of evalua-
tion show that the lowest score for all apps are given in educational criteria. The tech-
nological and information architecture aspects can catch students’ attention, can support 
learning motivation, can rise the interest on subject and support knowledge develop-
ment but if there is no logical sequence of information flow, if there is no features which 
challenge to find out more information and no option for knowledge test then there can 
be supported development of factual knowledge without reaching metacognitive level 
of knowledge. In such a learning space teachers have to become skillful orchestrants to 
manage, in real time, multi-layered activities in a multi-constraints context (Dillenbourg 
2013).

All the evaluation criteria were further analyzed to determine which had the highest 
mean scores and which had the lowest in the selected applications (see Fig. 4). In the tech-
nological performance criteria group, the highest mean score (3.00) was recorded by the 
criteria “Use of the app”, “The graphics of the app”, and “Perception of the app”, and the 

Fig. 2  Mean values of all learn-
ing apps for all criteria groups
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lowest score was for the criterion “Possibilities for people with special needs” (1.00) fol-
lowed by “Interactivity of the app” (1.86).

In the group of information architecture aspects, the highest result was for the crite-
rion “Information provided during the use of the app” (2.00), followed by “Structure of 
the information provided”, “Additional information is given in written form” and “The 
sequence of the information” (1.57). The criteria “Additional information is given in audial 
form” and “Connectivity with other information” had the lowest mean score (1.29) which 
confirms the idea that metacognitive thinking should be supported by other means of peda-
gogical work to scaffold the development of metacognitive knowledge.

In the educational value criteria group, the highest mean score was for the criterion 
“Possibility to organize group activities” (2.00) and the next highest criterion was “Focus 
of attention” (1.86), while the lowest possible mean score (1.00) was recorded for “Ele-
ments of gamification” and “Knowledge test”. The results show that the important part of 
educational process—possibility to get the feedback is missing and it can cause the prob-
lems for students who have lover level of motivation, who have problems with merging 
different parts of information and it leads to conclusion that AR apps can support learning 
of well motivated students but other students’ motivation should be supported by activities 
orchestrated by teachers.
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Fig. 4  Mean values of all criteria (blue: technological performance criteria; orange: information architec-
ture criteria; green: educational value criteria)
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5  Hermeneutic Data Analysis

A hermeneutic analysis (Wernet 2014) of the comments recorded during the evaluation 
of the applications was carried out next. The seven mobile apps that met the selection 
criteria were analyzed (see Tables 2, 3, 4, 5, 6, 7, 8) and included in the in-depth evalu-
ation with descriptions of the technological performance, information architecture and 
educational value aspects of each application based on individual evaluation made by 
both researchers and consensus reached after the discussions. The mean values of each 
app and of each criteria group are also given. Next to the application title is the mean 
score given for all the criteria and in the column of criteria group is indicated the mean 
of the particular group of criteria. Tables are arranged in a sequence of evaluation not 
according to mean value.

It has to be taken into account that these applications have been made available for 
Apple phones, and mobile devices with other operating systems may offer a different 
range of augmented reality mobile applications. Applications from other operating sys-
tems were not evaluated in this research because of technical limitations as only Apple 
phones and iPad were available but we believe that evaluation criteria can be applied for 
different applications as well.

Some of the evaluated apps allow the user to move with their mobile device and walk 
around the augmented human body while it stays still in one place (“Human Anatomy 
4D”, “Virtual Skeleton”, “Luke AR”, “Humanoid AR+ ”). Some of the apps offered 
static representations of the human body, which can be moved around by using a fin-
ger on the screen, but the user cannot walk around the body (“The Brain AR”, “Figure 
Anatomy”) and explore its different sides and layers. “Sigvaris Group Vein” can be fully 
and qualitatively used in AR mode on an iPad, but this may limit the number of users of 
the app. A phone may be a better and more accessible way to provide everyone with an 
augmented reality experience in the learning process.

The information provided in the apps about the subject is easy to understand if any 
information is given at all. “The Brain AR” only offers names and descriptions for the 
brain, not for other body parts. Apps like “Human Anatomy 4D”, “Virtual Skeleton” 
and “Humanoid AR+ ” provide only the names of body systems and organs. “Sigvaris 
Group Vein” provides the names of the veins of the human leg in Latin and makes sug-
gestions to the user to watch videos or read materials about venous disorders and com-
pression products. In “Humanoid AR+ ”, information about the digestive system and 
the names of bones and parts of the digestive system is provided. If you want to see the 
names of parts of the body’s other systems, you have to register and pay. The apps that 
offer nothing but visual information are “Luke AR” and “Figure Anatomy”.

All analyzed apps require more information with educational value, which would be 
an addition to their well structured and graphically well designed visual material. This 
leads to the conclusion that most of these apps were built while mainly focusing on 
the graphics, visualization and technological aspects, without incorporating information 
architecture or educational value in the apps. As the apps lack additional information 
or at least basic information that can teach something to a user, they do not provide any 
kind of knowledge test. None of the apps were created to challenge the user to find out 
more information, and also none of them provide any kind of gamification elements to 
engage or motivate the user or stimulate their persistent attention.

The aims of the apps have to be noted as well, because not all of the analyzed apps 
are used for teaching anatomy. The “Sigvaris Group Vein” application is designed for 
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commercial purposes, while “Figure Anatomy” is not designed to learn anatomy, but 
instead allows the user to draw the human body without the presence of a human model.

It should also be highlighted that none of the analyzed apps were designed for people 
with special needs, and this could be another goal to strive for when developing a learning 
application.

All the results collected and analysed during this stage of the research show that most 
effort on app development is placed on technological aspects but less effort to support 
learning and the results of the analysis of AR apps echo those of Quinn (2019), that the 
role of the teacher is still very important because the virtual and augmented solutions avail-
able today cannot completely replace human pedagogical work, as concluded also by Gar-
zon and Acevedo (2019).

6  Conclusions

Augmented reality solutions have the potential to increase students’ motivation, it can be 
used to catch students’ attention and raise their interest, and the possibility for them to 
actively participate in the development of cognition; thus, being active participants in the 
learning process, they can promote discovery-based learning.

However, there are problems discovered. For instance, teachers who may want to apply 
the content used in the application to meet specific learning needs or to meet the needs of 
specific students cannot change the structure of the material themselves, despite the fact 
that some researchers already pointed out such a problem in 2009 (Bergig et al. 2009).

Similarly, AR solutions can be a challenge for children at a young age who have devel-
oped concrete thinking and who rely on their perceptions to make decisions, and it can 
be confusing for them to see various symbolic meanings (Flavell and Miller 1993). It 
is also important to keep in mind that it is necessary to follow step by step instructions 
while learning; for example, when acquiring procedural knowledge, it is necessary that 
the instructions are included in the learning material itself so that the learner understands 
the sequence of their actions. Unfortunately, most of the apps analyzed in this study did 
not offer such a sequential structure. In some cases, they were based on the intuitive logic 
of the user, and while instructions for the app’s technical use were available upon open-
ing some of them, none of them included learning instructions, indicating the need for the 
seamless presence of a teacher who orchestrates the learning process.

Although AR solutions have great potential to stimulate interest and motivation and 
encourage the use of various forms of active learning, such as discovery-based learning, 
the results of the analysis indicate that the currently available AR applications do not yet 
provide a way of providing learners with independent learning, which highlights the need 
to develop solutions to enable students to construct their own knowledge and conceptual 
models that are consistent with the content of the learning they are acquiring. This is in 
line with the conclusions of Di Serio et al. (2013).
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6.1  Research Limitations

The study has limitations, the first of which involves selecting AR applications by selecting 
only those applications that are available to the user free of charge. The second limitation 
is that despite the fact that the evaluation of AR was carried out using structured evalua-
tion principles, it involves an aspect of subjectivity, since the evaluation was carried out by 
researchers with a certain experience in technology and educational experience as the valu-
ation is largely due to the evaluator’s current knowledge. This limitation can be mitigated 
by the continuation of research activities, the expansion of the research base and the devel-
opment of deeper details of the evaluation section, but this limitation cannot be completely 
eliminated.

These findings provide a basis for further research, where AR apps can be used in edu-
cational settings to assess their impact on learning outcomes, students’ metacognitive load, 
learning preferences, learning outcomes and so on.

6.2  Further Steps

This current research about mobile apps, wherein anatomy can be learned through aug-
mented reality solutions, is being conducted to identify the learning potential and the 
potential limitations of using these apps. In the next steps, further research is needed to 
analyze which compulsory education curriculum topics can be mastered through these 
solutions, as well as whether these applications have any impact on knowledge acquisition 
and how it is necessary to organize pedagogical work so that the use of apps has advanced 
learning outcomes.

Appendix 1

See Table 9.
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Appendix 2

See Table 10.

Table 9  List of augmented 
reality applications for learning 
anatomy found on the App Store

1 Human anatomy 4D
2 Human anatomy interactive
3 Discover human body AR
4 Learn skeleton 3D anatomy
5 Complete anatomy platform 2020
6 AR anatomy 4D + 
7 Easy anatomy: 3D canine anatomy
8 Touch surgery: surgical video
9 Anatomy and sports massage
10 The brain AR
11 Figure anatomy
12 Anatomy and Tai Chi AR
13 BSI 2 DAR anatomy
14 Anatomy AR
15 Virtual-Tee by curiscope
16 Anatomy and yoga AR
17 AR Anatomy by Jump Simulation
18 Anatomy AR book
19 Anatomy and stretching
20 Anatomy ARVR
21 Human anatomy for iPhone
22 Humanoid 4D + 
23 Mr. Body for MERGE Cube
24 Popar human anatomy
25 Know our anatomy by OOBEDU
26 Skin and bones
27 Victor the torso
28 Sitee
29 Pearson’s off the page
30 Luke AR
31 Virtual skeleton
32 Complete heart
33 BSI 3D AR Anatomy
34 Human anatomy explorer
35 Human anatomy explorer AR
36 Deepscope ultrasound simulation
37 Sigvaris group vein
38 Allergan AR
39 Humanoid AR + 
40 Respiratory system
41 Respiratory system AR



783Educational Potential of Augmented Reality Mobile Applications…

1 3

Ta
bl

e 
10

  
C

rit
er

ia
 fo

r t
he

 e
va

lu
at

io
n 

of
 a

ug
m

en
te

d 
re

al
ity

 a
pp

s f
or

 le
ar

ni
ng

 a
na

to
m

y

A
PP

Te
ch

no
lo

gi
ca

l p
er

fo
rm

an
ce

 c
ri

te
ri

a
A

pp
 c

an
 b

e 
us

ed
 o

n
iP

ho
ne

iP
ad

iP
ho

ne
 a

nd
 iP

ad
1

2
3

C
om

m
en

t:
A

n 
in

-a
pp

 p
ur

ch
as

e
Ye

s
N

o
–

1
2

–
C

om
m

en
t:

St
ru

ct
ur

e 
of

 th
e 

ap
p

Th
e 

co
nt

en
t i

s w
el

l s
tru

ct
ur

ed
Th

e 
co

nt
en

t i
s s

tru
ct

ur
ed

 b
ut

 th
e 

str
uc

tu
re

 is
 

no
t l

og
ic

al
Th

e 
co

nt
en

t i
s f

ra
gm

en
te

d 
an

d 
no

t s
tru

ct
ur

ed
 

ac
co

rd
in

g 
to

 so
m

e 
ki

nd
 o

f l
og

ic
3

2
1

C
om

m
en

t:
U

se
 o

f t
he

 a
pp

It 
is

 e
as

y 
to

 u
nd

er
st

an
d 

ho
w

 to
 u

se
 th

e 
m

at
er

ia
l

It 
is

 n
ot

 v
er

y 
un

de
rs

ta
nd

ab
le

 h
ow

 to
 u

se
 th

e 
m

at
er

ia
l

It 
is

 h
ar

d 
to

 u
nd

er
st

an
d 

ho
w

 th
e 

m
at

er
ia

l 
sh

ou
ld

 b
e 

us
ed

3
2

1
C

om
m

en
t:

Th
e 

gr
ap

hi
cs

 o
f t

he
 A

pp
Th

e 
gr

ap
hi

ca
l e

le
m

en
ts

 a
re

 w
el

l s
tru

ct
ur

ed
 

an
d 

vi
su

al
iz

at
io

ns
 a

re
 o

f h
ig

h 
qu

al
ity

Th
e 

gr
ap

hi
ca

l e
le

m
en

ts
 a

re
 ra

nd
om

ly
 

str
uc

tu
re

d 
an

d 
vi

su
al

iz
at

io
ns

 c
ou

ld
 b

e 
of

 a
 

be
tte

r q
ua

lit
y

Th
e 

gr
ap

hi
ca

l e
le

m
en

ts
 a

re
 p

oo
rly

 st
ru

ct
ur

ed
 

an
d 

vi
su

al
iz

at
io

ns
 a

re
 o

f l
ow

 q
ua

lit
y

3
2

1
C

om
m

en
t:

D
im

en
si

on
s o

f t
he

 b
od

y
It 

is
 e

as
y 

to
 m

ov
e 

th
e 

bo
dy

 a
nd

 b
od

y 
pa

rts
 

an
d 

se
e 

th
em

 fr
om

 d
iff

er
en

t d
im

en
si

on
s 

(o
ut

si
de

 a
nd

 in
si

de
)

It 
is

 p
os

si
bl

e 
to

 m
ov

e 
th

e 
bo

dy
 a

nd
 b

od
y 

pa
rts

 a
nd

 se
e 

th
em

 fr
om

 d
iff

er
en

t o
ut

si
de

 
di

m
en

si
on

s

It 
is

 p
os

si
bl

e 
to

 se
e 

th
e 

bo
dy

 a
nd

 b
od

y 
pa

rts
 

on
ly

 fr
om

 a
 fe

w
 o

ut
si

de
 d

im
en

si
on

s

3
2

1
C

om
m

en
t:

Tr
an

sf
er

ab
ili

ty
 o

f t
he

 b
od

y
It 

is
 e

as
y 

to
 tr

an
sv

er
se

 th
e 

bo
dy

 in
 sm

al
le

r 
de

ta
ils

It 
is

 p
os

si
bl

e 
to

 tr
an

sv
er

se
 th

e 
bo

dy
 in

 a
 fe

w
 

de
ta

ils
It 

is
 n

ot
 p

os
si

bl
e 

to
 tr

an
sv

er
se

 th
e 

bo
dy

 in
 

de
ta

il
3

2
1



784 S. Dreimane, L. Daniela 

1 3

Ta
bl

e 
10

  (
co

nt
in

ue
d)

A
PP

C
om

m
en

t:
In

te
ra

ct
iv

ity
 o

f t
he

 a
pp

Th
er

e 
ar

e 
di

ffe
re

nt
 fo

rm
s o

f i
nt

er
ac

tiv
ity

Th
er

e 
is

 so
m

e 
in

te
ra

ct
iv

ity
Pe

op
le

 c
an

no
t i

nt
er

ac
t w

ith
 th

e 
m

at
er

ia
l

3
2

1
C

om
m

en
t:

Po
ss

ib
ili

tie
s f

or
 p

eo
pl

e 
w

ith
 sp

ec
ia

l n
ee

ds
Th

e 
m

at
er

ia
l h

as
 b

ee
n 

pr
ep

ar
ed

 in
 a

 w
ay

 th
at

 
pe

op
le

 w
ith

 d
iv

er
se

 sp
ec

ia
l n

ee
ds

 c
an

 u
se

 
it,

 a
nd

 it
 is

 c
le

ar
ly

 in
di

ca
te

d 
ho

w
 to

 u
se

 it

Th
e 

m
at

er
ia

l h
as

 b
ee

n 
pr

ep
ar

ed
 in

 a
 w

ay
 

th
at

 p
eo

pl
e 

w
ith

 so
m

e 
sp

ec
ifi

c 
sp

ec
ia

l 
ne

ed
s c

an
 u

se
 it

, b
ut

 it
 is

 n
ot

 av
ai

la
bl

e 
fo

r 
al

l g
ro

up
s o

f p
eo

pl
e 

w
ith

 sp
ec

ia
l n

ee
ds

, 
an

d 
it 

is
 in

di
ca

te
d 

w
hi

ch
 g

ro
up

s c
an

 u
se

 it

Th
e 

m
at

er
ia

l h
as

 b
ee

n 
pr

ep
ar

ed
 fo

r t
he

 
ge

ne
ra

l p
ub

lic
, a

nd
 th

er
e 

is
 n

o 
po

ss
ib

ili
ty

 
to

 sw
itc

h 
th

e 
w

ay
 in

 w
hi

ch
 th

e 
in

fo
rm

at
io

n 
is

 p
ro

vi
de

d

3
2

1
C

om
m

en
t:

In
fo

rm
at

io
n 

ar
ch

ite
ct

ur
e 

cr
ite

ri
a

Pe
rc

ep
tio

n 
of

 th
e 

ap
p

It 
is

 e
as

y 
to

 p
er

ce
iv

e 
th

e 
m

at
er

ia
l

Th
e 

m
at

er
ia

l i
s w

el
l p

re
pa

re
d 

bu
t s

om
et

im
es

 
it 

is
 h

ar
d 

to
 p

er
ce

iv
e 

du
e 

to
 th

e 
co

m
pl

ex
-

ity
 o

f t
he

 in
fo

rm
at

io
n

It 
is

 h
ar

d 
to

 p
er

ce
iv

e 
th

e 
m

at
er

ia
l

3
2

1
C

om
m

en
t:

St
ru

ct
ur

e 
of

 th
e 

in
fo

rm
at

io
n 

pr
ov

id
ed

Th
e 

in
fo

rm
at

io
n 

pr
ov

id
ed

 is
 w

el
l s

tru
ct

ur
ed

 
an

d 
ea

sy
 to

 u
nd

er
st

an
d

So
m

e 
pa

rts
 o

f t
he

 in
fo

rm
at

io
n 

ar
e 

w
el

l 
str

uc
tu

re
d 

bu
t s

om
e 

in
fo

rm
at

io
n 

la
ck

s 
str

uc
tu

re
 a

nd
 it

 is
 n

ot
 e

as
y 

to
 u

nd
er

st
an

d

Th
er

e 
is

 n
o 

str
uc

tu
re

d 
in

fo
rm

at
io

n 
pr

ov
id

ed

3
2

1
C

om
m

en
t:

In
fo

rm
at

io
n 

pr
ov

id
ed

 d
ur

in
g 

th
e 

us
e 

of
 th

e 
ap

p
A

ll 
th

e 
in

fo
rm

at
io

n 
is

 g
iv

en
 in

 a
n 

ea
sy

 to
 

un
de

rs
ta

nd
 w

ay
, e

ve
n 

w
ith

ou
t p

re
vi

ou
s 

kn
ow

le
dg

e 
of

 th
e 

to
pi

c

So
m

e 
pa

rts
 o

f t
he

 in
fo

rm
at

io
n 

ar
e 

gi
ve

n 
in

 
an

 e
as

y 
to

 u
nd

er
st

an
d 

w
ay

, b
ut

 so
m

e 
pa

rts
 

ar
e 

ha
rd

 to
 u

nd
er

st
an

d 
w

ith
ou

t p
re

vi
ou

s 
kn

ow
le

dg
e 

of
 th

e 
to

pi
c

Th
e 

in
fo

rm
at

io
n 

is
 h

ar
d 

to
 u

nd
er

st
an

d 
(d

ue
 

to
 c

om
pl

ex
ity

, f
ra

gm
en

ta
tio

n 
or

 o
th

er
 

pr
ob

le
m

s)

3
2

1



785Educational Potential of Augmented Reality Mobile Applications…

1 3

A
PP

C
om

m
en

t:
Th

e 
se

qu
en

ce
 o

f i
nf

or
m

at
io

n 
flo

w
Th

e 
se

qu
en

ce
 o

f t
he

 in
fo

rm
at

io
n 

flo
w

 c
an

 b
e 

ch
an

ge
d 

ac
co

rd
in

g 
to

 th
e 

de
ci

si
on

 o
f t

he
 

pe
rs

on
 w

ho
 e

xp
lo

re
s t

he
 m

at
er

ia
l

So
m

e 
pa

rts
 o

f t
he

 in
fo

rm
at

io
n 

ca
n 

be
 

sk
ip

pe
d 

or
 c

ha
ng

ed
Th

e 
se

qu
en

ce
 o

f t
he

 in
fo

rm
at

io
n 

flo
w

 c
an

no
t 

be
 c

ha
ng

ed
 a

cc
or

di
ng

 to
 th

e 
de

ci
si

on
 o

f t
he

 
pe

rs
on

 w
ho

 e
xp

lo
re

s t
he

 m
at

er
ia

l
3

2
1

C
om

m
en

t:
A

dd
iti

on
al

 in
fo

rm
at

io
n 

is
 g

iv
en

 in
 a

ud
ia

l 
fo

rm
A

 lo
t o

f a
dd

iti
on

al
 in

fo
rm

at
io

n 
is

 g
iv

en
 in

 
au

di
al

 fo
rm

So
m

e 
ad

di
tio

na
l i

nf
or

m
at

io
n 

is
 g

iv
en

 in
 

au
di

al
 fo

rm
N

o 
ad

di
tio

na
l i

nf
or

m
at

io
n 

is
 g

iv
en

 in
 a

ud
ia

l 
fo

rm
3

2
1

C
om

m
en

t:
A

dd
iti

on
al

 in
fo

rm
at

io
n 

is
 g

iv
en

 in
 w

rit
te

n 
fo

rm
A

 lo
t o

f a
dd

iti
on

al
 in

fo
rm

at
io

n 
is

 g
iv

en
 in

 
w

rit
te

n 
fo

rm
So

m
e 

ad
di

tio
na

l i
nf

or
m

at
io

n 
is

 g
iv

en
 in

 
w

rit
te

n 
fo

rm
N

o 
ad

di
tio

na
l i

nf
or

m
at

io
n 

is
 g

iv
en

 in
 w

rit
te

n 
fo

rm
3

2
1

C
om

m
en

t:
C

on
ne

ct
iv

ity
 w

ith
 o

th
er

 in
fo

rm
at

io
n

Th
er

e 
is

 sm
oo

th
 c

on
ne

ct
iv

ity
 w

ith
 o

th
er

 
pa

rts
 o

f t
he

 in
fo

rm
at

io
n,

 o
th

er
 b

od
y 

pa
rts

, 
or

ga
ns

, e
tc

Th
er

e 
is

 fr
ag

m
en

te
d 

co
nn

ec
tiv

ity
 w

ith
 

ot
he

r p
ar

ts
 o

f t
he

 in
fo

rm
at

io
n,

 b
od

y 
pa

rts
, 

or
ga

ns
, e

tc

Th
er

e 
is

 n
o 

co
nn

ec
tiv

ity
 w

ith
 o

th
er

 in
fo

rm
a-

tio
n

3
2

1
C

om
m

en
t:

Ed
uc

at
io

na
l v

al
ue

 c
ri

te
ri

a
K

no
w

le
dg

e 
te

st
Th

e 
po

ss
ib

ili
ty

 to
 te

st 
kn

ow
le

dg
e 

is
 in

cl
ud

ed
 

in
 d

iff
er

en
t p

ar
ts

 o
f t

he
 m

at
er

ia
l a

nd
 

on
 d

iff
er

en
t a

sp
ec

ts
 o

f t
he

 in
fo

rm
at

io
n 

pr
ov

id
ed

Th
er

e 
is

 a
 p

os
si

bi
lit

y 
to

 te
st 

kn
ow

le
dg

e,
 b

ut
 

it 
is

 o
nl

y 
on

 a
 fe

w
 a

sp
ec

ts
 o

f t
he

 m
at

er
ia

l
Th

er
e 

is
 n

o 
po

ss
ib

ili
ty

 to
 te

st 
th

e 
kn

ow
le

dg
e 

in
cl

ud
ed

3
2

1

Ta
bl

e 
10

  (
co

nt
in

ue
d)



786 S. Dreimane, L. Daniela 

1 3

Ta
bl

e 
10

  (
co

nt
in

ue
d)

A
PP

C
om

m
en

t:
Po

ss
ib

ili
ty

 to
 o

rg
an

iz
e 

gr
ou

p 
ac

tiv
iti

es
It 

is
 p

os
si

bl
e 

to
 o

rg
an

iz
e 

gr
ou

p 
ac

tiv
iti

es
 fo

r 
an

 u
nl

im
ite

d 
nu

m
be

r o
f p

ar
tic

ip
an

ts
It 

is
 p

os
si

bl
e 

to
 o

rg
an

iz
e 

gr
ou

p 
ac

tiv
iti

es
 fo

r 
sm

al
l g

ro
up

s (
up

 to
 th

re
e 

pe
op

le
)

It 
is

 n
ot

 p
os

si
bl

e 
to

 o
rg

an
iz

e 
an

y 
gr

ou
p 

ac
tiv

iti
es

 w
hi

le
 in

te
ra

ct
in

g 
w

ith
 th

e 
A

R
 

ex
pe

rie
nc

e
3

2
1

C
om

m
en

t:
El

em
en

ts
 o

f g
am

ifi
ca

tio
n

El
em

en
ts

 o
f g

am
ifi

ca
tio

n 
ar

e 
us

ed
 to

 a
ttr

ac
t 

pe
op

le
 a

nd
 to

 k
ee

p 
th

em
 fo

cu
se

d
So

m
e 

el
em

en
ts

 o
f g

am
ifi

ca
tio

n 
ar

e 
us

ed
 b

ut
 

on
 a

 fr
ag

m
en

te
d 

ba
si

s
El

em
en

ts
 o

f g
am

ifi
ca

tio
n 

ar
e 

no
t u

se
d

3
2

1
C

om
m

en
t:

Th
e 

m
at

er
ia

l c
ha

lle
ng

es
 th

e 
us

er
 to

 fi
nd

 o
ut

 
m

or
e 

in
fo

rm
at

io
n

Th
e 

m
at

er
ia

l i
s d

ev
el

op
ed

 in
 a

 w
ay

 to
 c

ha
l-

le
ng

e 
th

e 
us

er
 to

 fi
nd

 o
ut

 m
or

e 
in

fo
rm

a-
tio

n

Th
er

e 
ar

e 
so

m
e 

el
em

en
ts

 th
at

 c
ha

lle
ng

e 
th

e 
us

er
 b

ut
 th

es
e 

ar
e 

no
t u

se
d 

on
 a

 re
gu

la
r 

ba
si

s

Th
e 

m
at

er
ia

l d
oe

s n
ot

 c
ha

lle
ng

e 
th

e 
us

er
 to

 
fin

d 
ou

t m
or

e 
in

fo
rm

at
io

n

3
2

1
C

om
m

en
t:

Fo
cu

s o
f a

tte
nt

io
n

Th
e 

m
at

er
ia

l i
s d

ev
el

op
ed

 in
 a

 w
ay

 th
at

 
ke

ep
s t

he
 u

se
r’s

 a
tte

nt
io

n 
fo

cu
se

d 
on

 th
e 

ex
pe

rie
nc

e 
al

l t
he

 ti
m

e

Th
er

e 
ar

e 
so

m
e 

pa
rts

 w
he

re
 th

e 
fo

cu
s o

f 
th

e 
us

er
’s

 a
tte

nt
io

n 
is

 st
im

ul
at

ed
 b

ut
 n

ot
 

th
ro

ug
ho

ut
 th

e 
ex

pe
rie

nc
e

Th
e 

m
at

er
ia

l i
s i

nt
er

es
tin

g 
bu

t t
he

re
 a

re
 n

o 
sp

ec
ifi

c 
fe

at
ur

es
 to

 c
ap

tu
re

 th
e 

at
te

nt
io

n 
of

 
th

e 
us

er
3

2
1

C
om

m
en

t:
Th

e 
ag

e 
gr

ou
p 

by
 w

hi
ch

 th
e 

ap
p 

co
ul

d 
be

 
us

ed
A

du
lts

 (1
8 +

)
Sc

ho
ol

-a
ge

 c
hi

ld
re

n 
(7

–1
8)

M
in

or
s (

up
 to

 7
)

3
2

1
C

om
m

en
t:



787Educational Potential of Augmented Reality Mobile Applications…

1 3

References

Altinpulluk, H. (2019). Determining the trends of using augmented reality in education between 2006–2016. 
Education and Information Technologies, 24, 1089–1114.

Bal, E. (2018). The future of augmented reality and an overview on the to researches: A study of content 
analysis. Qualitative and Quantitative, 52, 2785–2793.

Barroso, O. J., Gutiérrez-Castillo, J. J., & Llorente-Cejudo, M. D. (2019). Difficulties in the incorporation 
of augmented reality in university education: Visions from the experts. Journal of New Approaches in 
Educational Research, 8(2), 126–141.

Bergig, O., Hagbi, N., El-Sana, J., & Billinghurst, M. (2009). In-place 3D sketching for authoring and aug-
menting mechanical systems. 8th IEEE international symposium on mixed and augmented reality (pp. 
87–94). ISMAR: Orlando.

Biezā, K. E. (2020). Digital literacy: Concept and definition. International Journal of Smart Education and 
Urban Society (IJSEUS), 11(2), 1–15. https ://doi.org/10.4018/IJSEU S.20200 40101 .

Billinghurst, M., & Dunser, A. (2012). Augmented reality in the classroom. Computer, 45(7), 56–63.
Bressler, D. M., & Bodzin, A. M. (2013). A mixed methods assessment of students’ flow experience during 

a mobile augmented reality science game. Journal of Computer Assisted Learning, 29(6), 505–517.
Bujak, K. R., Radu, I., Catrambone, R., Macintyre, B., Zheng, R., & Golubski, G. (2013). Computers and 

education a psychological perspective on augmented reality in the mathematics classroom. Computers 
and Education, 68, 536–544.

Cai, S., Chiang, F.-K., Sun, Y., Lin, C., & Lee, J. J. (2017). Applications of augmented reality-based natural 
interactive learning in magnetic field instruction. Interactive Learning Environments, 25(6), 778–791.

Cai, S., Wang, X., & Chiang, F.-K. (2014). A case study of augmented reality simulation system application 
in a chemistry course. Computers in Human Behavior, 37, 31–40.

Campos, P., & Pessanha, S. (2011). Designing augmented reality tangible interfaces for kindergarten chil-
dren. In R. Shumaker (Ed.), Virtual and mixed reality—New Trends. VMR. Lecture notes in computer 
science (Vol. 6773, pp. 12–19). Berlin: Springer.

Chen, P., Liu, X., Cheng, W., & Huang, R. (2017). A review of using augmented reality in education from 
2011 to 2016. Innovations in smart learning (pp. 13–18). Singapore: Springer.

Collins, A. (2009). Rethinking education in the age of technology: The digital revolution and schooling in 
America. New York: Teachers College Press.

Cowling, M., & Birt, J. (2018). Pedagogy before technology: A design-based research approach to enhanc-
ing skills development in paramedic science using mixed reality. Information, 9(2), 29.

Daniela, L. (2020). Virtual Museums as Learning Agents. Sustainability, 12(7), 2698.
Daniela, L., & Aierken, Y. (2020). The educational perspective on virtual reality experiences of cultural 

heritage. Changing museums. In L. Daniela (Ed.), New perspectives on virtual and augmented reality: 
Finding new ways to teach in a transformed learning environment. London: Routledge.

DeLucia, A., Francese, R., Passero, I., & Tortoza, G. (2012). A collaborative augmented campus based on 
location-aware mobile technology. International Journal of Distance Education Technologies, 10(1), 
55–71.

Di Serio, Á., Ibáñez, M. B., & Kloos, C. D. (2013). Impact of an augmented reality system on students’ 
motivation for a visual art course. Computers and Education, 68, 586–596.

Dillenbourg, P. (2013). Design for classroom orchestration. Computers and Education, 69, 485–492.
Flavell, J. H., & Miller, S. M. (1993). Cognitive development. New York: Prentice-Hall.
Forsyth, E. (2011). Are u feeling appy? Augmented reality, apps and mobile access to local studies informa-

tion. Australasian Public Libraries and Information Services, 24(3), 125–132.
Garzón, J., & Acevedo, J. (2019). Meta-analysis of the impact of augmented reality on students’ learning 

gains. Educational Research Review, 27(1), 244–260.
Hitzler, R., & Eberle, T. S. (2004). Phenomenological life-world analysis. In U. Flick, et al. (Eds.), A Com-

panion to qualitative research (pp. 57–72). London: Sage.
Höllerer, T., & Feiner, S. (2004). Mobile augmented reality. In H. Karimi & A. Hammad (Eds.), Telegeoin-

formatics: Location-Based Computing and services (pp. 1–39). London: Taylor and Francis.
Honer, A. (2004). Life-world analysis in ethnography. In U. Flick, et al. (Eds.), A companion to qualitative 

research (pp. 113–117). London: Sage.
Hwang, G.-J., Wu, P.-H., Chen, C.-C., & Tu, N.-T. (2016). Effects of an augmented reality-based educa-

tional game on students’ learning achievements and attitudes in real-world observations. Interactive 
Learning Environments, 24(8), 1895–1906.

Karagozlu, D. (2018). Determination of the impact of augmented reality application on the success and 
problem-solving skills of students. Quality and Quantity, 52, 2393–2402.

https://doi.org/10.4018/IJSEUS.2020040101


788 S. Dreimane, L. Daniela 

1 3

Koutromanos, G., Sofos, A., & Avraamidou, L. (2015). The use of augmented reality games in education: a 
review of the literature. Educational Media International, 52(4), 253–271.

Merriam-Webster. (n.d.). Augmented reality. Retrieved from https ://www.merri am-webst er.com/dicti onary /
augme nted%2520r ealit y.

Morrison, A., Mulloni, A., Lemmela, S., Oulasvirta, A., Jacucci, G., Peltonen, P., et al. (2011). Collabora-
tive use of mobile augmented reality with paper maps. Computers and Graphics, 35(4), 789–799.

Moustakas, C. (1994). Transcendental phenomenology: conceptual framework. In C. Moustakas (Ed.), Phe-
nomenological research methods (pp. 25–42). SAGE: Thousand Oaks.

Nischelwitzer, A., Lenz, F.-J., Searle, G., & Holzinger, A. (2007). Some aspects of the development of low-
cost augmented reality learning environments as examples for future interfaces in technology enhanced 
learning. Proceedings of the 4th International Conference on Universal Access in Human-Computer 
Interaction: Applications and Services (pp. 728–737). Beijing: Springer.

Quinn, M. (2019, January). Digital Sshools? Teachers Still Matter. Journal of Chartered College of teach-
ing. Retrieved August 18, 2019, from https ://impac t.chart ered.colle ge/artic le/digit al-schoo ls-teach ers-
still -matte r/

Rodriguez-Pardo, C., Hernandez, S., Patricio, M. Á., Berlanga, A., & Molina, J. M. (2015). An augmented 
reality application for learning anatomy. In V. J. Ferrández, J. Álvarez-Sánchez, F. de la Paz López, F. 
Toledo-Moreo, & H. Adeli (Eds.), Bioinspired Computation in Artificial Systems IWINAC (pp. 359–
368). Cham: Springer.

Stevens, D. D., & Levi, A. J. (2013). Introduction to rubrics: An assessment tool to save grading time, con-
vey effective feedback, and promote student learning (Vol. 2). Sterling: Stylus Publishing.

Sweller, J. (2006). The worked example effect and human cognition. Learning and Instruction, 16(2), 
165–169.

Wernet, A. (2014). Hermeneutics and objective hermeneutics. In U. Flick (Ed.), The SAGE handbook of 
qualitative data analysis (pp. 234–246). London: SAGE.

Wu, H. K., Lee, S. W., Chang, H. Y., & Liang, J. C. (2013). Current status, opportunities and challenges of 
augmented reality in education. Computers & Education, 62(2), 41–49.

Yuen, S. C.-Y., Yaoyuneyong, G., & Johnson, E. (2011). Augmented reality: An overview and five directions 
for AR in education. Journal of Educational Technology Development and Exchange, 4(1), 118–140.

Zghida, N., Lamrani, Z., & Janati-Idrissi, R. (2019). How Morocco’s secondary school students classify ani-
mals. International Journal of Smart Education and Urban Society (IJSEUS), 10(3), 23–34.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://www.merriam-webster.com/dictionary/augmented%2520reality
https://www.merriam-webster.com/dictionary/augmented%2520reality
https://impact.chartered.college/article/digital-schools-teachers-still-matter/
https://impact.chartered.college/article/digital-schools-teachers-still-matter/

	Educational Potential of Augmented Reality Mobile Applications for Learning the Anatomy of the Human Body
	Abstract
	1 Introduction
	1.1 Research Approach

	2 Augmented Reality Apps for Educational Purposes
	3 Research Design and Methodology
	4 Research Results and Discussion
	5 Hermeneutic Data Analysis
	6 Conclusions
	6.1 Research Limitations
	6.2 Further Steps

	References




