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Abstract 
In this paper, we explore the use of Augmented Reality for science education and discuss the most 
important issues that should be to consider to construct an effective and correct implementation. We 
have built an Augmented Reality Sandbox (from now AR Sandbox) based on a design by the USC 
California which uses open software and accessible hardware. The installation was made at the 
MediaLab Usal of the University of Salamanca, Spain which is a unique place for interdisciplinary work 
within the university. 

The main question addressed in this work is if Augmented Reality (AR) technology can be useful to 
teach difficult and abstract concepts of different fields, like Physics, mathematics or Geology. Also, we 
consider the building process itself as a tool to teach technology or programming languages. 

Our AR Sandbox has an important feature which makes it unique. Usually AR experiences use a 
screen or a mobile device, but in our AR project, the interface is real sand. Students can interact with 
the sand with their own hands, there are no specific instructions so they must decide what to do at any 
moment, and observe the result of their acts as the installation changes in real time the topographic 
map. 

The AR Sandbox is especially suitable to teach contents related to Geology and earth sciences. This 
tool can help teachers to explain geological processes and concepts, and the most important it is a 
dynamic tool, students can modify the sand and see all the process from the beginning. 

From this project, we continue designing tools based on AR to teach different sciences concepts. 
Currently, we are developing a tool in which we will use AR to obtain information of a biological 
display. Using a IR camera, from different plants we can see the deficit of different essential chemicals 
to their health and analyse their growing and necessities. 
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1 INTRODUCTION 
One of the main problems in education is how to correctly implement technology in the classroom to 
explain abstract concepts in science. While there are plenty of available resources, usually, the apps, 
programs, tools or displays are used and developed in different fields and not in the context of 
education. And this means that the adaptation to the education world as a tool to explain concepts, to 
evaluate students or to visualize procedures is a task for educators. 

In this paper, we will discuss the use of Augmented Reality (from now AR) technology to develop a 
project dedicated, mainly, to explain different contents like Physics, Geology or Maths in secondary 
and primary schools. We also discuss the case of university studies where the construction of the 
installation itself can be used to teach the technology and programming languages. 

In general terms, AR adds a virtual layer of information to the real world. The AR collects information 
from the real world through a sensor which can be a camera, a GPS or some other which then display 
as a rich information layer on top of the world. The attributes of reality are augmented, allowing a rich 
experience when interacting with places or real objects. The objective of AR is to provide one or more 
layers of virtual information to real objects to expand the information we can access or the ways we 
can interact with it [1-3].  

The explosion on the use of mobile and electronic devices has expanded the use and implementation 
of the AR in many areas including video games, learning and education, so AR is a new technology 
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that is going to stay in our lives in different fields and situations [4]. At the time of writing this paper the 
mobile application Snapchat is very popular and is a perfect example of AR.  

Previously, AR technology in education has been implemented through mobile phones and tablets in 
schools all over the world. But, this is not a realistic situation in Spain, because of the restriction in the 
use of mobile phones in educative institutions and the economic constraints that prevent the purchase 
of enough tablets for students. Most of the AR experiences today, are made using these types of 
devices which determines the kind of interactions students can experiment. These AR experiences 
using mobile devices can be broadly categorized in two types [5]: The first category include AR 
experiences which are location aware. The second category include those where the camera is the 
main sensor used to produce the experience.  

In the first category, the extra layer of virtual information is linked to the location provided by the GPS, 
WIFI networks or other geolocalization method in the device. The information from these sensors is 
linked to a map providing the exact location of the user. Based on the location, different information or 
content is delivered to the user creating the virtual layer to the real world. The purpose is to make the 
student explore different locations learning more about the places he or she visits with the help of the 
mobile device [6]. For example, pokemonGo game, is a very good example of experiences of this first 
category. It uses the location of the player to discover virtual creatures and motivates the exploration 
of the city. This game has brought the attention of the media due to large number of users (more than 
500 million in September of 2016) and more importantly, the game has drawn the attention of the 
public to the potential of the AR technology.   

In the second category of experiences, the camera is used to add a virtual layer over the shape of real 
world objects. The camera is used to identify objects and the screen of the mobile device present the 
virtual layer which contains rich information or new ways to interact with the object [7]. Again, the 
fundamental idea is to use AR to help in the exploration of the surroundings in a real context 

In both categories, the main interface with this rich virtual information is the screen of the mobile 
device and therefore this interface determines the possibilities and limits of this type of AR.  

The use of AR for educative experiences has become popular around 2010 and several studies have 
been performed [8]. Most of these studies are focused in the analysis of two important aspects of this 
technology. The first one is the route to implementation in real school settings, there are technical, 
financial and educational barriers towards the implementation in a class. The pros and cons of using 
this technology and the barriers toward its implementation have been discussed extensively in the 
literature. Several papers and recent studies have shown the importance of the AR and the difficulties 
it shows [9] 

The second aspect is the assessment of the impact of AR in the education [10], is that the 
contextualization of the problems for example studying natural sciences or Geology, allows students 
to learn how some concepts learned in their usual classrooms can be useful to solve real problems. 
Students can have a deep comprehension of learning using AR. 

In this paper, we present the AR Sandbox that uses a sand landscape as the main interface for the 
virtual layer. In this new type of AR experience there are no mobile devices or a screen carried by the 
student. Therefore, the constrains or possibilities in the AR experience is significantly different from 
those which have been discussed in the literature as educational AR experiences. Our AR Sandbox 
offers a unique way to experiment and observe different natural phenomena in real time. In this paper, 
we will discuss the possibilities it offers.  

The pathway to implementation is a basic point of our project: from the institutional point of view, we 
describe the role of the MediaLab USAL and the unique opportunities it provides for projects like this; 
and from the technical point of view we will describe how it works and its implementation in a school 
environment. Finally, we will discuss about how we can use it to teach some specific content related 
to natural sciences. 

2 METHODOLOGY 
Our Sandbox is based on the prototype created by Oliver Kreylos, a computer scientist studying 3D 
scientific visualizations and computational geosciences at UC Davis, who designed and programmed 
the AR sandbox software [11]. The AR sandbox consists in a wooden box on four legs located at a 
height suitable for a person of medium height to interact effortlessly. The box is full of beach sand, but 
based on the results of the experience and the counsel of some experts, in the future we are going to 
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use specific sand to prove different geological properties. The surface of the sand is recorded with the 
IR camera of a kinetic for XBOX videogame console. The camera is placed on top of the sandbox as it 
is shown in Figure 1, the kinetic records the coordinates of the surface and produces a detailed 3D 
map of the surface in real time, and this information is transferred to the computer.  

 
Figure 1. Situation of the sandbox with camera and computer in the MediaLab Usal. 

With these data, the software produces a topographic map with contour lines. This information is 
displayed onto the surface of sand and allows seeing the different heights of the terrain with the same 
colour as shows Figure 2. 

 
Figure 2. Example of the display on the sand 

The system has also the possibility to produce rain. By placing the hand or another object close to the 
camera, the system detects this object and projects water on top of the place covered by the object. 
The software solves the Navier Stokes equations in real time and the water flows according to the 
boundary condition imposed by the surface of the sand (Figure 3). Therefore, it can produce rivers 
and bodies of water with detail and realism. The software is open source and can be modified 
accordingly, this is very important to use the installation as a platform to further developments.   
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Figure 3. The “water” created on the surface flows accordingly with the Navier Stokes equation 

Thanks to the unique facilities it provides, the AR Sandbox is installed in the MediaLab of the 
University of Salamanca, Spain. The MediaLab is a new interdisciplinary and collaborative learning 
space, a meeting point of Art, Technology, Science and Society to experiment with emerging 
technologies and their applications. It is, therefore, a permanent place of the University dedicated to 
the exploration of technological innovations. A project of this nature requires expertise from many 
different fields such as education, software, hardware, installations and new technologies. To explore 
the possibilities of these technologies it is fundamental to establish collaboration spaces where 
experts from different areas can collaborate. A successful implementation of AR experiences must be 
well implemented in all its aspects: technical, hardware and educative dimensions. 

In addition, the educational possibilities offered and that we could verify when implementing it, lead us 
to need experts in different areas of science, whose contents could be explained with the platform, 
such as mathematics, Physics, Geology, engineering, etc. 

3 RESULTS 
Most of the implementations of AR in education, involve the use of mobile devices such as tablets or 
mobile phones and the interface to interact with the AR layer is always the screen of the device. This 
installation is different because the interface is the sand and apparently, there are not instructions to 
follow so the experience is very intuitive and rich, as we can see in Figure 4. In addition, the 
interaction with the sand is something very natural for a person, our hands must do all the work, so 
the results we obtain with our interaction must guide us to different conclusions, verifying or not our 
hypothesis. 
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Figure 4. Our hands working on the sand 

One of the most innovative methodologies, well known in other countries, but that is slowly opening in 
the Spanish educational system, is the methodology based on projects. Based on it, we propose that 
the creation of the device is not only carried out by the teacher or group of teachers and, once 
installed, the students begin to work in a directed way by them, but the installation of the sandbox is 
part of the educational project itself in which the students use different knowledge like computers, 
technology or programming languages. 

We think that is important to evaluate how realistic is to implement this installation in usual school with 
limited resources, because this is one of the key point of technology: its accessibility. Similar 
installations are used mostly in science museums, but these are very expensive and rigid: they cannot 
be modified in the hardware or the software. In contrast, the AR sandbox has several advantages for 
its implementation in the classroom: 

• The hardware: the kinetic is a sensor cheap and affordable. The beamer needs some 
specifications but any general-purpose beamer can be used for the project. The wooden box is 
easily made and the computer is an usual one. 

• The software: the full software for the installation is open source so is free and the code is open 
so can be modified to the needs of the user.  

• A community around it: this installation has been performed in several places, so it is easy to 
solve any question with the community created. Also, the community improves constantly the 
software to produce a better experience.  

3.1 Advantages of the AR for teaching 
The teaching of sciences in high school must be implemented using Information and Communications 
Technologies (ICT) to produce a better education experience for the students. There is a wide range 
of resources that have demonstrated that these technologies can help to engage the student in the 
experimentation more efficiently [8] or become more involved in the learning process [1-2]. Methods 
involving the use of the ICT have been reported to help in the engagement of sciences [3] and to help 
to better understand abstract concepts [2] through advance methods of visualization. In particular, 
teaching methods with AR have demonstrated to help in the teaching of complex science or 
mathematical subjects [1-3]. 

One interesting application of this AR Sandbox is the illustration of mathematical abstract concepts 
such as topographic maps and contour lines. While the geometrical concepts of ‘mathematical locus’ 
defined as all point on a surface with the same height are not easy to illustrate in class with traditional 
methods. The AR Sandbox is a perfect implementation of this concept. Furthermore, varying the 
surface on the sand, the student can observe that this definition is general and how this concept of 
isosurface or contour line evolves as the surface changes.  
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The students can experiment by changing the shape of the sand with theirs hands and experimenting 
the changes in the topographic map. The computation of contour lines is made in real time and the 
evolution of the map is continuous which help to relate the changes in the map to changes in the 
surface.  

We could test this installation in different situations: with a group of students of primary schools, and 
with a group of students and professors of the University of Salamanca of different scientific fields 
(http://medialab.usal.es/portfolio/medialab-presenta-arenero-educativo/). We can affirm that students 
show high satisfaction levels when they use this interface, as the sand is the interface, the experience 
is much richer than that of the screen where the possibilities are reduced a small area. In the case of 
the AR Sandbox several students can interact with the sand and the installation is reactive to all the 
changes in the surface. This results are similar with students that use this technology in educative 
process [12]. 

An aspect that we consider relevant and we would like to highlight as a distinguishing feature of other 
AR experiences, is that the interface allows several students to interact with it at the same time. From 
the educational point of view, the interaction not only with the environment, but with other students, 
enriches the experience. The attention is immediately directed to what others do, accompanying in 
many cases not only the action with the hands, manipulating the sand, but the verbalization of what 
happens, what is wanted to do and the result obtained. This results, naturally and without prior 
discussion, the establishment of joint tasks [13]. 

The AR Sandbox is especially suited to teach specific contents of Geology and earth sciences. The 
AR Sandbox can be used as an educational tool to explore the importance of water, erosion or 
mountains in the evolution of the landscape as a topic of hydrology, earth science, and environmental 
studies. 

The possibility to create water from ‘rain’ or to form bodies of water can be used to teach the students 
the importance of water in the shaping of the landscapes. One of the main concepts in Geology is that 
the shape of the terrains that we observe was created by a variety of processes such as erosion, 
tectonics, and glaciation. The location of lakes, rivers, subterranean bodies and the whole movement 
of water in the earth is based on the shape of landforms. This distribution of water determines the type 
and distribution of ecosystems around the world. 

While experiments in Geology are hard to perform, this tool can be used a playground to experiment 
basic principles of Geology. A similar experience could also be taught with computer simulation but 
they are required complex settings and intensive training to perform simple experiments while this tool 
needs too little instruction and can be used in a classroom. 

These are some of the potential of this installation and how it can be used to teach complex 
mathematical, physics or earth science concepts. Finally, along these lines, the process of 
construction itself can be used to teach. As the programming tools are open and the hardware to 
develop the project are accessible, students can learn a variety of techniques in the making of the AR 
Sandbox where they can introduce further modifications and think about how AR works and how it can 
be improved as an educational tool. 

4 CONCLUSIONS 
This installation can be used as a development platform for new AR experiences. The nature of is 
construction and the open source software are perfect opportunities to try new educative projects with 
this. 

Obviously, there is a lot of work to do from the educative point of view. Real value as a learning tool 
must be verified with suitable evaluation procedures, Both for the development of academic content 
and for its influence on student performance [14] 

From this project, we continue designing tools based on AR to teach different science concepts. 
Currently, we are developing a tool in which we will use AR to obtain information of a biological 
display, using a IR camera, from different plants we could see the deficit of different essential 
chemicals to their health and analyse their growing and necessities. 
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