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Educational Functions of Augmented Reality
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Abstract: The theoretical study presented in this paper focuses on the use of augmented reality
systems in education. It analyses the specific characteristics of augmented reality and, in the con-
text of these parameters, it formulates didactic specifics of augmented reality given by the complex
of didactically relevant parameters of the didactic means that distinguish it from other devices in
terms of supporting the accomplishment of educational intentions. The paper also defines educa-
tional intentions of using augmented reality for increasing the informational value, exposition of
temporally and spatially disparate processes and phenomena, simulations of phenomena, events
and processes, acquisition and building of competence in specific situations and instructing in
activities. Following the educational intentions, the paper also proposes complex organisational
criteria for the use of augmented reality applications, which include, in particular, the proposed
location for the implementation of augmented reality, the number of students for whom augment-
ed reality is intended, the anticipated role of a student in augmented reality, required mobility
and required parameters of content presentation.
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INTRODUCTION

The concept of augmented reality has
been under development for many years
and many systems of augmented reality,
which were only laboratory experiments,
have been put into common use in many
areas of life. Augmented Reality is starting
to break through as an innovative didactic
tool that can help streamline and improve
educational activities and become a suitable
instrument for the promotion of cognitive
processes in different educational areas
(Cabero & Barroso, 2016).

Augmented reality (AR) can be gener-

ally characterised as a specific innovative
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technology or technologically-induced per-
ceptual environment based on a combina-
tion of a real environment with computer-
generated information or virtual objects
respectively. This creates a new form of the
original reality that is richer in information
than the original primary environment.
The concept of AR was defined in this con-
text as “overlapping of basic visual field with
computer-generated data” (Heim, 1998),
or as the addition of computer-generated
contextual information layer into the real
world, thus creating enriched, or augment-
ed reality (Johnson et al., 2016). Augment-
ed reality systems therefore (a) combine real
environment surrounding the user with vir-
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tual elements, (b) are characterised by reac-
tivity on the real environment in real time,
(c) when registering virtual elements into
perceived augmented reality, they count on
three-dimensional space of the real envi-
ronment (Azuma, 1997). The principle of
augmented reality can be implemented in
several ways using various technical devices
and can work by its nature for all perceptual
channels simultaneously or separately.

Besides the term, ‘augmented reality’,
there are other labels and related terms in
the literature, such as ‘enhanced reality’,
‘mediated reality’ or ‘mixed reality’. For
example, Milgram’s concept of a virtual
continuum defines an area of augmented
reality and virtual reality within the mixed
reality (Milgram, 1994). Terminology and
mutual definition of these terms signifi-
cantly diversify depending on the authors
and on the field and the context in which
they are mentioned. It could be noticed in
the recent years that the term, ‘mixed re-
ality’, begins to dominate as an umbrella
term in the given field.

Augmented reality is realised by the
help of various technical solutions (AR
systems), each characterised by differ-
ent properties, which significantly affect
their possible use in education. AR sys-
tems can be divided into three basic cat-
egories (Jefdbek, Rambousek, &Wildovd,
2015): (1) systems with a HMD solution
(Head-Mounted Display) [Azuma, 1997;
Milgram, 1994; Rolland & Hua, 2005;
Prokysek, Rambousek, & Wildov4, 2013),
(2) handheld systems, and (3) stationary
systems (Dunleavy, Dede, & Mitchell,
2009; Drascic & Milgram, 1996; Bimber
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& Raskar, 2005; Hong et al., 2014). The
main criterion for the distribution of AR
systems is the user mobility, which is es-
sential for educational use.

Handheld or mobile systems (tab-
lets, smartphones) currently represent the
dominant group of AR systems, which en-
ables both vision-based form of AR appli-
cation form and also location-based (Dun-
leavy et al., 2009). It is thanks to their
ever-increasing performance and also to
the equipment of necessary input/output
devices (camera, touch screen, GPS, loca-
tion and position sensors, etc.). The main
advantages of handheld systems are their
affordability, mobility and their ability to
work with multimedia content in terms of
its acquisition and presentation. The sys-
tems enable virtually unlimited mobility
of the user relative to augmented reality
and usually do not require connectivity to
an external computer for data processing
as HMD systems do. To ensure continu-
ous perception of augmented reality, the
user is forced to provide a permanent de-
vice position in his field of view.

PARAMETERS OF AUGMENTED
REALITY IN THE CONTEXT
ofF EpucaTiON

When examining the parameters of
augmented reality that are of importance
to education, it is necessary to base all facts
on an assumption that AR is not merely
a technical means, but the overall, tech-
nological-perceptual concept, which con-
sists of an AR system and an AR environ-
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Fig. 1 Elements of technological-perceptual concept and their interactions

ment in which the student finds himself,
or which influences him respectively. This
technological-perceptual concept therefore
comprises (a) technological, (b) perceptu-
al, and (c) resultant aspects that reflect the
technological aspects of AR systems, per-
ceptual characteristics of the student and
the properties of the resulting augmented
reality environment, as indicated in Fig-
ure 1 (Jefdbek, Prokysek, & Rambousek,
2013). Technological aspects of AR sys-
tems largely predetermine the possibility
of their use, including significance and
possibility of their use in education.

The perceptual viewpoint can primar-
ily assess the ability of the system to oper-
ate with different perceptual channels. It
is to generate information, such as visual,

auditory, tactile, and olfactory respectively.
Determining the structure of perceptual
aspects and identifying differences in the
operation of AR are based on the func-
tional principle of human sensory organs.
In this context, there are things which are
extremely important: (1) the localisation
and the manner of the stimulus, and (2)
the type of energy acting on the receptors.
Augmented reality (as opposed to virtual
reality) requires that all perceptions of gen-
erated virtual elements are in the context
of the environment and are correctly local-
ised in the real environment.

The resultant viewpoint of AR primarily
reflects the properties of the environment
and the relationship between virtual and
real components from the user’s perspective.
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These are the attributes characterising the
desired output of AR application or system
regardless of the technical design or percep-
tual areas with which the system operates.

DibpAcTIC SPECIFICS
OF AUGMENTED REALITY

The concept of didactic specifics of aug-
mented reality is based on the assumption
that augmented reality can be understood
as an innovative didactic tool, which can
contribute to the enrichment of teaching
resources and their functions, and become
a suitable instrument for the promotion of
educational activities. The assumption of
didactic potential is based on the proper-
ties of augmented reality, which can take
various forms by linking real environment
with additional information, or increase
the perceived value of information and the
mediated content, and also provide differ-
ent levels of mediality and modality in the
transmission of information by different
perceptual channels with the use of appro-
priate forms of sentient interaction with
the content.

When examining the aspects, from
which are derived the didactic specifics of
augmented reality, it is necessary to rely on
the fact that it is not just a mere technical
means, but the overall technological and
perceptual concept, which is formed partly
by the AR system, and secondly by the AR
environment, in which the student finds
himself and which acts on him. At the same
time there is a significant influence of the
intention for the applications of augmented
reality to be an educational resource.
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The basic function and the fundamen-
tal peculiarity of augmented reality in the
most general understanding, is the ability
to connect reality with virtual elements
and present these elements within the real
environment. In terms of application-
function it is the ability of the technical
means of augmented reality to real-time
access to the addressee the reality deliber-
ately enhanced with information that can
take the nature of interpretation, manage-
ment, content expansion, immersion and
stimulation in order to achieve its educa-
tional goals. It is mainly the resulting view-
point that will significantly determine the
possible didactic use of augmented reality
besides the nature of the added informa-
tion, respectively the nature of augmented
reality in terms of the relationship between
the added information and the real envi-
ronment.

The main didactic specifics of aug-
mented reality can also be seen in the
way of the mediation of sensations of per-
ceived augmented reality, which would
be very difficult to achieve using other
technical means. This sensation, or the
perceived virtual component respectively,
is enhanced by its close co-existence with
the surrounding real environment. This
function to convey the sensation intensi-
fies with the increasing immersion of the
environment, which may be influenced by
self-mediated content, type of device and
quality of its presentation to users. In this
context, augmented reality uses features
and functions partially close to the virtual
reality (Liou et al., 2017; Martin-Gutiérrez
et al., 2017), especially in relation to the
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immersion, interactivity, simulation and
scenarios, and is also based on the specifics
of the environment in which augmented
reality works.

Didactic specifics of augmented reality
are largely derived from the technological
and functional properties of AR systems. It
is obvious that the properties and param-
eters of the systems largely determine the
quality of mediated content, comfort of
students working with augmented reality
and limits of use within a variety of educa-
tional situations.

Technological Viewpoint

The parameter configuration of real
and virtual component of AR (T'1) can play
a significant role in terms of the selection
of equipment and implementation of the
educational plan.

Systems where the real component is
directly perceived (especially optical HMD
systems), are, by contrast, presumed to al-
low higher immersion, as is understood
in the context of virtual reality since the
perceptual field is not technically limited
and the perception of the real component
is almost natural.

The nature of control information (12)
significantly determines the possible di-
dactic use of augmented reality systems,
especially at the organisational and realisa-
tion level. Working with parameters of the
real environment (e.g. image recognition)
or parameters of the user (e.g., the user’s
location), augmented reality does not bur-
den the conditions of its operation with
the need for additional technical resources

or specific artefacts. By contrast, the ad-
vantages of using a parameter in the form
of a deliberately-placed component (e.g.
QR code or a specific graphic element) lies
in the ability to choose for the control pa-
rameter a didactically appropriate element,
which is well suited due to the learning
content of augmented reality, the condi-
tions of the teaching situation and the in-
tended target. Thus, it becomes not only
a control parameter but also a teaching aid.

The case of recognition of control
information in the surrounding reality
entails requirements particularly for the
lighting conditions in the environment in
which there is augmented reality, or for the
rate of reading of the environment. A de-
termining technical parameter influencing
these requirements is the quality of the im-
aging device in terms of light sensitivity,
image resolution and frame rate.

The case of using user parameters as
control information assumes tracking of
geophysical position (e.g. using GPS tech-
nology) and the user’s position, or the po-
sition of the device respectively. Technical
constraints of the GPS limit the use of the
augmented reality to environments with
relatively open outdoor space and there is
to be expected a deviation of up to several
metres in determining the position of the
system within the three-dimensional space
of the primary environment. The advan-
tage of this principle, however, is the inde-
pendence of light conditions.

Parameter number of users (T3) who
may simultaneously use one particular AR
system and perceive through it a generated
augmented reality is an important didactic
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specifics of particular systems, especially in
terms of choice of suitable forms of appli-
cation of the system to education.

Multi-user systems (especially station-
ary systems) are particularly suitable for
collaborative, group or frontal forms of
teaching. They allow students to change
their position in relation to the system
(e.g. free movement around the class-
room), without reducing the effect of
augmented reality or changing its content,
and emphasise the shared augmented real-
ity sensation among users.

Single-user systems offer a higher de-
gree of personalisation in terms of setting
a specific device according to the physi-
ological differences between individual
users and individualising student access
to content through the device. Limited
multi-user systems (especially handheld
systems) are intended mainly for work in
pairs or small groups.

The parameter support of interaction be-
tween user and system (T4) is a particularly
important aspect in terms of the efficiency
of application of augmented reality in edu-
cation. Interactivity can be characterised by
many aspects (Yacci, 2000; Moore, 1989).
Besides the interaction between the stu-
dent and the AR system (computer-based
interaction — CBI; Lévy, 2000), there may
also be considered the interaction between
the student and content, or augmented re-
ality environment respectively. Interaction
here can be fulfilled on two levels, both by
direct reaction of a real environment at the
initiative of the student, and the system’s
response to this initiative in the form of
providing feedback to the student. As a re-
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sult, it is possible to record three types of
interaction within augmented reality in
terms of participants: (a) student <> real
environment, (b) student <> AR system,
(c) student — real environment — AR
system — student.

In all cases, the interaction of the par-
ticipants can acquire various degrees and
forms of interactivity, and its individual
types can be mutually supportive and co-
herent. When looking at interactivity be-
tween the student and the system (either
directly or through a real environment) we
can express, from the system’s perspective,
different degree or level of interactivity.
Variables that generally reflect the level of
interactivity can be the frequency of reac-
tions of the student to system events, and
also the importance of the follow-up re-
sponse of the system in order to influence
the outcome or content, and scope which
characterises the number of options that
the student has available (Laurel, 1993).

In assessing the significance of interactiv-
ity of augmented reality, it is recommended
to base assessment partly on the definition
of the specifics in the context of virtual re-
ality technology where interactivity requires
dynamic simulation, because this is not only
about the ability to navigate in the virtual
world but also about the ability of users to
change this environment (Ryan, 1994).

Considering an interaction as an inter-
vention to the original real environment,
it is possible to conclude about augmented
reality that in all cases where the use of
a real environment or deliberately-inserted
artefact as control information with the
possibility to manipulate this element, it
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fulfils interactivity at least at a so-called
instrumental (first) Lister’s degree of inter-
activity (Lister et al., 2009). At this degree
Lister sees interaction as “the ability of user
to directly intervene in the presented con-
tent and affect its appearance”, while the
variability in the amount of elements, the
possibility to manipulate and combine can
determine the degree of interactivity.

Within interactivity caused by the in-
teraction between the student and the AR
system there is no change in the primary
real environment. A method of receiving
instructions from the student, respectively
the way of operating the system by the stu-
dent, has a significant impact on comfort
and clarity when using augmented reality.

Another possibility of affecting the sys-
tem by the student is a contactless (opti-
cal, acoustic etc.) method by using certain
commands, e.g., gestures and verbal com-
mands or other determinable changes that
the system is able to recognise.

Perceptual Viewpoint

The different character of graphical in-
formation, respectively the type of graphic
data of virtual component (P1) is didac-
tically very important. Together with the
colour tone of the virtual components (de-
pending on P4), we can characterise two
basic conditions for the use of AR: (a) the
pursuit of credibility of fusion of real and
virtual component as one unit and (b) de-
liberate visual differentiation between the
two components.

In the first case (a) it will be in didactic
situations, which are to achieve immersion

of students and credibility of AR. It can
be, for example, a case of historical tours
and displaying hidden parts of the real
environment. In such cases, there will be
the pursuit of a realistic and full-colour
display, which will endeavour to reflect the
light conditions of the real environment.
Maximum fulfilment of this aim is still
technically problematic and is related not
only to the aforementioned perceptual as-
pects but also to the quality and character
of presenting the content of AR. It is in-
fluenced by many technical aspects of AR
systems. Problems related to the error rate
of systems have been discussed in many
technically-oriented works focused on aug-
mented realicy (Milgram, 1994; Dunleavy
et al., 2009; Drascic & Milgram, 1996)
and include, for example, the problem of
registration (inaccurate rendering of vir-
tual components in terms of co-ordinates
of the real environment), time delay (late
presentation of one or both of the compo-
nents inside the AR device) and the issue
of collision of virtual objects with the real
environment (Bren et al., 1996).

In the second case (b) when it is ap-
propriate to visually distinguish between
the virtual and the real component, we can
characterise a function of the virtual com-
ponent as description or instruction. It is
therefore a situation where the virtual in-
formation is descriptive and is an addition
to the real environment, but the resulting
AR does not seek to “fool” the student by
modification of the original environment
to a new form of reality. In such situations,
a virtual component is usually in the form
of text, symbol or graphical information
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(or even audio instruction), while the em-
phasis must be on maximum readability of
the original environment without visual
modification so that a virtual component
attracted students’ attention sufliciently
not to undermine the perception of the
original environment.

Resultant Viewpoint

From the resultant viewpoint, the pa-
rameter 7atio of real and virtual component
of AR (R1) is a particularly important di-
dactic specific. It is mainly the specifics of
(a) modified augmented reality, (b) en-
hanced augmented reality and (c) enriched
augmented reality. Through appropriate
choice of the specifics of this ratio, a stu-
dent could find himself in an environment
that is deliberately designed to provide
favourable conditions for the fulfilment
of an educational plan. It significantly
increases the variability of didactic possi-
bilities of the resulting environment and
applied methods within which augmented
reality can be used. The issue is the differ-
ent content significance of the resulting
AR and its emotional impact on students
compared to the original environment or
separately presented virtual information.

Within modified augmented reality,
which is characterised by the removal of
certain information from the users per-
ceptual field, it is possible to reduce the
emotional effect of surrounding environ-
ment (e.g., to gradually accustom students
to the environment) and it is also possible
to assume some reduction in information
density. In terms of usability in the context
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of didactic situations it is an important
form of augmented reality, which should
be considered particularly in the context
of cognitive load (extraneous and intrinsic
cognitive load) of the resulting environ-
ment from the primary one.

With enhanced augmented reality
there can be assumed an increase in the
content information from the original en-
vironment, while the virtual component is
significantly associated with the primary
environment. It is possible in this case to
emphasise the particular demonstration
of real elements, which are by their na-
ture perceptually inaccessible to students.
By adding an appropriate virtual element,
phenomenon or process in a real context,
according to the principle of visual correct-
ness, exposition of and interest in the cur-
riculum may be achieved.

Both the aforementioned forms of AR
are based on an effort to keep as much of
the essence of the original with a goal of
modifying it considerably or only a little.

Didactic specifics of enriched reality
consist mainly of mediation of virtual con-
tent, which is due, for example, to the his-
torical, geographical, physical or security
reasons not possible, appropriate or eco-
nomical to implement without the use of
augmented reality. The primary environ-
ment (real component) may be in terms of
the proportion of AR components almost
completely suppressed in order to enhance
the student experience of the perception of
added information.

In terms of the educational use of aug-
mented reality, we can find a variety of
educational functions based on the afore-
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mentioned parameters and didactic specif-
ics. Such functions predispose augmented
reality to its use as a didactic resource. Such
didactic resource may assist in the realisa-
tion of a number of educational projects.

We used various theoretical research
methods to determine didactic specif-
ics, educational functions and organisa-
tional criteria of augmented reality. We
used the inductive-deductive methods to
determine didactic specifics. Then we ap-
plied terminological and content analysis
of the phenomena of augmented reality
and its didactic specifics, classification and
relational analysis, examining AR systems
from the informational and technologi-
cal viewpoint in context of education. All
analyses were based on the study of prima-
ry and secondary sources, their interpreta-
tion and comparison.

Functions of Augmented
Reality in Education

Adapting the degree of emotional ef-
fects of a resulting environment of aug-
mented reality and the correction of cog-
nitive load can be considered the main
educational functions common to all
didactic situations using augmented real-
ity. These features predetermine the use of
augmented reality in education in many
different forms and in different ways,
which are possible to summarise as the fol-
lowing five main educational intentions
with regard to the above didactic specifics:
1. increase the informational value
2. exposition of temporally- and spatially-

disparate processes and phenomena

3. simulations of phenomena, events and
processes
4. acquisition and building of compe-
tence in specific situations
5. instructing in activities
For the purpose of increasing the infor-
mation value, we can consider such appli-
cations of augmented reality in which the
student is conveyed additional information
on the real environment in order to increase
the information value of the perceived envi-
ronment. From the viewpoint of the phases
of the educational process, these forms of
augmented reality will find their use espe-
cially in the phase of exposure and fixation.
Didactic environments within this group
exhibit improved information density and
by its nature this augmented reality falls
into the category of enhanced AR.
Exposure of temporally-disparate pro-
cesses and phenomena is characterised
by the presented content, where a virtual
component lies out of the current peri-
od in terms of the timeline. Emphasis is
placed on the high level of immersion in
the environment and the student’s aware-
ness of the historical context of a given lo-
cation. These forms of augmented reality
find their place in a broader array of meth-
ods, e.g., in the context of motivational
methods, exposure, methods of problem-
atic interpretation or heuristic methods.
Interesting opportunities are offered by
the exhibition of space-disparate phenom-
ena, when we can insert into reality other
virtual reality elements (buildings, plants,
animals) from other locations for the pur-
pose of motivation, assessment of the real-
ity or comparing virtual and real objects.
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Simulation of phenomena, events and
processes is characterised by an emphasis
on highlighting virtual components rep-
resenting a complex phenomenon or pro-
cess, which could in many cases be used
alone, without contextualisation with the
real environment. By its use in the context
of augmented reality, a student is able to
better perceive and assess the issues pre-
sented by the curriculum and also to learn
about new context of the phenomenon in
the context of the primary environment.
It is obvious that in terms of the type of
knowledge and a way of acquiring knowl-
edge is all about the methods of motiva-
tion and exposure.

Acquisition and building of compe-
tence in specific situations, like managing
activities, is useful especially in the context
of methods oriented on creating and devel-
oping skills and practical activities. In the
context of previous studies, especially the
experiments in medicine and military, it is
possible to find several attempts for apply-
ing augmented reality in a form which is
characterised by one of the two educational
plans (Milgram, 1994; Brown, Coyne, &
Stripling, 2006; Hughes et al., 2005).

When acquiring and building com-
petence in specific situations, augmented
reality offers an environment with selected
situations, which for safety reasons, com-
plexity, inaccessibility, uniqueness or other
organisational problems, are difficult, if
not impossible to implement in the cur-
rent real environment. The intent of such
applications is to involve the student in the
created situation to deal with a problem or
look for the solution that may lie in the
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specific skills that may have characteristics
of sensorimotor, mental or social.

Instructing in activities within aug-
mented reality is related primarily to
human activities that have a logical pro-
gression in time with defined individual
successive steps. The instructing principle
in AR involves entering guiding instruc-
tions in a realistic environment to stream-
line procedures within specific activities in
light of time and quality, or eliminating
possible errors. For this purpose we can
use relatively simple instructions, such
as numbers, signs or indicators, or audio
instruction. The emphasis must be on
maximum readability (maintaining the
appearance) of the original environment.
The given instructions must also be dis-
tinct from the surrounding environment
(very low degree of realism) so that they
attract students’ attention, but they should
not disturb concentration on the work
to be performed. Within this category of
augmented reality applications, the real
component dominates in the real/virtual
component ratio and it is most frequently
enriched AR.

The aforementioned educational inten-
tions can be identified in any educational
situation. The case study of the applica-
tions of augmented reality in school prac-
tice at lower-secondary school (Jefdbek et
al., 2013) can be taken as an example of
this. We can also identify the didactic spe-
cifics of these applications from techno-
logical, perceptual and resultant view.

The educational intentions increase the
information value can be identified, for
instance, in the application, “The History
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of Prague Castle’. This case of deployment
required an easy mobility and enabled
students to work in pairs. Control infor-
mation are user parameters, namely, the
location of the user and the position and
orientation of the device. Students held the
role of observers of augmented reality with-
out participation. Application was charac-
terised by a high degree of interactivity of
the type student <> AR system, with the
mediation of various kinds of information
in terms of quality and character. Through
the device, the students were looking at the
surrounding reality as a whole, to which
were added textual and photographic in-
formation about objects lying in a certain
direction and distance from the user.
Exposition of spatially- and temporally-
disparate processes and phenomena can be
identified in applications, ‘Village’ and
‘Helmets. The application, “Village’ was
implemented in an outdoor environment,
where students worked in pairs or small
groups. As a control information was used
specially-created graphic elements, which
were entered into the surrounding terrain.
The application principle lay in gradu-
ally adding the reference elements into the
field of view and subsequent rendering of
the virtual components in dependence on
the used reference elements. This kind of
application fills the third type of interac-
tion - student — real environment — AR
system — student. Control information
for the system in the application, ‘Hel-
mets’, was an element of real environment,
specifically the face of the user. Applica-
tion solution for the system was charac-
terised by the active participation of users

and relatively realistic virtual display com-
ponents in the form of static or animated
2.5D objects (Prokysek et al., 2013;0h et
al., 2011). The principle of the applica-
tion was to display a virtual object in the
form of historical helmets and pieces of
armour from the shoulders up on the stu-
dent. Interactivity within this application
is a student <> system, where the student
has the option by touching the virtual el-
ement to obtain more information about
the armour.

'The applications, ‘Bubonic Plague’ and
‘Moving Nations represent the third cat-
egory - simulation of phenomena, events and
processes. From the perceptual and techno-
logical aspects the type of augmented re-
ality solutions in ‘Bubonic Plague’ were
the same as in the case of the application
‘Helmets'. Students used answers to the-
matic issues to go through different stages
of bubonic plague. Correct answers led to
“cure”. The application, ‘Moving Nations’,
represents a visualisation of a phenom-
enon with the virtual component in the
form of animation showing the changes
in location of nations in Europe at spe-
cific times. A real component, respectively
the reference element, is represented by
a paper map and it was typically a single-
user solution independent of location. The
method of control of application was simi-
lar to the application, ‘Helmets’, while en-
abling students to control augmented real-
ity using graphical artefacts on the map.
The application offered the interactivity
type of student <> AR system and also stu-
dent — real environment — AR system
— student.
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Acquisition and building of competence
in specific situations can be identified in the
creative application, ‘Archimboldo’. It was
about creating an image inspired by a par-
ticular style of the painter, Archimboldo,
where students moved objects (virtual ele-
ments) on the screen represented by vari-
ous fruits and drew up a collage depicting
a face or a bust. Based on the nature of
the added information it is a 2.5D static
graphic, the image appears three-dimen-
sional to the user and allows the system
to compose in the Z axis. This application
was filled with a high degree of interactiv-
ity type student <> AR system.

Organisational Criteria of AR
Applications in Education

For the desired effect of AR applica-
tions in education (Barroso Osuna & Gal-
lego Pérez, 2017), it is necessary to con-
sider the complex of organisational aspects
for the use of AR in addition to the speci-
fications of the educational plan and the
selection of AR system.

1. the proposed location for the imple-
mentation of augmented reality

2. the number of students for whom aug-
mented reality is intended

3. theanticipated role of a student in aug-
mented reality

4. required mobility

5. required parameters of content presen-
tation

The location criterion should be con-
sidered as a priority. Firstly, it is necessary
to consider whether it is important for the
didactic situation to have a specifically de-
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fined location (e.g., classroom, building,
sculpture etc.) or whether the object of
augmentation are e.g., the students them-
selves, vehicles or other movable elements
without ties to a specific location. In the
first case, it also depends on whether it will
be indoor activities, or outdoor activities,
which can significantly limit the possibili-
ties of using different control information
(T2). It is also necessary to take into ac-
count organisational and technical support
of the location, mainly due to the used sys-
tems (e.g., power supply, wifl access, space
and light conditions, etc.).

The criterion of the number of students
for whom augmented reality should be
mediated, clearly compartmentalises each
system and technological solution into cat-
egories corresponding to the technologi-
cal aspect T3. When choosing a suitable
technical solution, it must be based on the
intended method and the organisational
form of teaching with augmented reality.
It is also necessary to consider whether the
student interaction with the system affects
affect also the sensation of other students.
Multi-user systems compared to a single-
user seem more appropriate for group or
collaborative learning. Even single-user
systems with corresponding applications
and interactions are, however, an appro-
priate solution for these forms of teach-
ing with the benefit of the option to dis-
cuss the personalisation of the sensation
(Kaufmann, 2004).

The criterion for the expected role of
the student is the third of the monitored
organisational criteria. According to the
feeling of participation a student can either
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take a role of an observer, which is located
outside of augmented reality, or be an ac-
tive or passive user. While feeling to be in
augmented reality, immersion significantly
increases since the student is found inside
augmented reality and its activity is more
or less reflected into final AR. In terms of
the relationship user-system-augmented
reality, it is possible to distinguish between
systems within the meaning of magic mir-
ror and see-through (Zhen & Blackwell,
2013) for systems providing the student
with observation of the surrounding real-
ity and its mirroring.

Systems that can provide mirroring
of the surrounding reality, most often in-
cluding the student himself (or even larger
groups) and can be only from a group of
handheld and stationary video systems.
Augmented reality as a mirror offers a lot
of room for applications with higher levels
of interactivity of the student himself as
an AR user. In such cases, there can be as-
sumed a high degree of learning effective-
ness and interest in the curriculum.

The criterion of mobility reflects pri-
marily the student’s mobility in the envi-
ronment of augmented reality, which is
allowed by the AR system while adapting
presented augmented reality to the change
of the student’s position relative to the real
environment. Systems that do not allow
any mobility cannot be expected to be
used for those forms of learning, which are
based on exploring the surrounding envi-
ronment and looking at it from various
positions and perspectives.

Their use can be seen in the media-
tion of augmented reality based on an

unchanging real environment or the abil-
ity to change the appearance of the real
environment, e.g., through manipulation
of the control information in the form of
a reality parameter, or of an inserted arte-
fact. Systems that do not limit students in
terms of mobility, benefit from the pos-
sibility of changing the perspective of the
augmented reality or its part, its active ex-
ploration and permit implementing a wide
range of didactic intentions. Systems with
a projection to the real environment allow
relatively free movement in augmented re-
ality without major restrictions thanks to
their ability to present the content in the
AR space without any display device.

Another viewpoint on mobility can
be characterised as limiting the physical
movement of the student by the system.
Some systems require a clearly-defined lo-
cation from where augmented reality can
be perceived, and do not allow the student
to change the location or position. Other
solutions allow for virtually-unrestricted
movement but limit the student by him
having to hold the device in his hands
(handheld systems). We can consider solu-
tions with HMD to be the fully systems.
Fully mobile systems are also such with
the solutions of not requiring any physical
contact with the device, and fully cover the
area of student’s perception relative to the
size of the real environment.

The criterion of parameters of the con-
tent presentation includes requirements
for image quality of augmented reality,
accuracy in the registration stage, delay,
respectively the collision of virtual ob-
jects with the real environment and other
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aspects related to the user’s perception of
AR (Drascic & Milgram, 1996; Bimber &
Raskar, 2005; Oh et al., 2011).

Properties of the presented content
from the perspective of computer graph-
ics and generally any display can be in the
context of the parameters of content pre-
sentation described as the image quality.
Fulfilling the aspects of colour informa-
tion, the nature of graphic data and dy-
namic character of images can be described
in terms of the purely technical aspect as
trouble-free for most of the currently avail-
able AR systems. Conversely, the image
resolution for individual systems may vary
considerably and the smaller devices can
be particularly limiting.

When choosing a suitable solution in
terms of registration in the context of the
intended didactic situation, it is necessary
to take into account how precise it must be
to set the virtual element into reality, and
also form the desired mobility. The prob-
lem of registration is closely linked with
possible delays in rendering the informa-
tion to the correct position in the real envi-
ronment. Excessive delays reduce comfort
when working with augmented reality,
which can consequently cause demotiva-
tion of students to use augmented real-
ity. While using AR applications, which
require a very fast system response to the
change of control information (e.g., train-
ing of fast model situations), any notice-
able delay by the student is unacceptable.

An important parameter, that affects
an augmented reality sensation of stu-
dents, is the degradation of the perceptual
field, which is caused by a technical de-
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sign, respectively the principle of the given
system. To achieve the intention of the
augmented reality applications, it is appro-
priate in most cases for the AR system to
provide such a view of augmented reality,
which most closely matches the normal
perceptual field of the student, thus not
undermining the complexity of the per-
ception of augmented reality as a whole.
There are described the selected AR
systems according to the aforementioned
organisational criteria in the summary

Table 1.
CONCLUSION

Problematics in using the technological
and perceptual concept of augmented real-
ity in education are complex and, besides
its own technological viewpoint, it includes
various other aspects of the investigation of
augmented reality as an educational means,
which is characterised by the complex of
didactic specifics. Elaborating on this issue
assumes examining these didactic specifics,
defining educational functions and specifi-
cation of organisational viewpoints of AR
applications in education. When examining
these areas it is necessary to consider all the
technological, perceptual and resulting pa-
rameters of augmented reality, which reflect
the relevant characteristics of each part of
this concept and their interrelationships. The
problematics of augmented reality in educa-
tion also include the analysis of the didac-
tic use of augmented reality in the context
of each of the aforementioned parameters,
the importance of which varies in terms of
didactic use.
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Table 1 Fulfilment of the organisational criteria from the selected AR systems (y — system fulfils
criteria, n — system does not fulfil criteria, ? — impossible to decide)
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Larger group (y;n) n n n n n n ? y y
Observer (y,n) ylyly |yl vy |y |y l|ly]| Yy
Participant (mirroring) (y,n) n n n n y y n y n
Reflecting the changes of the s s N
student’s position (y,n) y y y y Y y
Movement of student in AR (y,n) y y y y y y ? y
Limiting the movement of student (yn) | y/2 | y/2 | y/2 | y/? | n n 2 n n
Image quality (low, high) l l | l h h ? h h
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perception (no, low, medium, high)

Exploring the educational potential of
augmented reality in education involves
identifying the educational functions of
AR. In connection with this, we can define
five basic educational intentions, which
can be seen at integrating augmented re-
ality into the education. These intentions

are based on the fundamental and essential
educational functions of AR, which are the
correction of emotional effects of the en-
vironment on students and the correction
of cognitive load. Educational intentions
have in this context their own specifics and
also different requirements for the choice
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of an AR system and for the complex of
organisational conditions for learning. For
suitable didactic use of augmented reality,
in addition to the educational plan, it
is necessary to consider also the organi-
sational aspects for the educational use
of AR. Five organisational criteria can be
defined: the intended location for realisa-
tion of augmented reality, the number of
students for whom augmented reality is
designed, the anticipated role of students
in augmented reality, the required mobil-
ity and the required parameters of aug-
mented reality content presentation. These
criteria must be taken into account in the
context of the choice of the AR system and
the educational intention.

Finally, it is necessary to emphasise
that to achieve the desired educational
effect of AR and to reach the educational
potential of this medium, it is essen-
tial to consider the inclusion of AR in
learning activities at three interrelated
levels. The first level is the choice of the
educational intention, which the teacher
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