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Sammanfattning 
 

Sandlåda med förstärkt verklighet som undervisningsverktyg för studenter på 
kandidatprogrammet i geovetenskap 
Robin Offermo 

 
När vi tänker på en karta tänker vi oftast på den karta som är ritad på papper, eller nu 
för tiden på skärmen av en smart telefon. Kartor är ofta antingen startpunkten eller 
slutprodukten i kartografi och kartering och har många geovetenskapliga 
tillämpningar. Kartor är även väldigt bra när det kommer till att presentera stora 
mängder data på en kompakt och begripligt sätt. En sandlåda med förstärkt 
verklighet är ett verktyg för att visa topografiska kartor i 3D. Många studenter har 
svårigheter att visualisera en 2D-karta som ett landskap i 3D. Sandlådan kan 
användas som ett undervisningsverktyg för studenter på kandidatprogrammet i 
geovetenskap, när det handlar om kartor och former. 

Litteratur i undervisningsvetenskap har studerats för att finna evidens för och emot 
sandlådan som ett undervisningsverktyg. Sandlådan är mest effektiv om den 
används i grupper som har mellan 2-6 studenter. Detta baserat på dess storlek, men 
även det faktum att små grupper och studenter som är aktiva lär sig mer effektivt. 
Sandlådan kan även assistera studenter att få konkreta erfarenheter och att testa 
hypoteser, båda dessa är steg i inlärningscykeln.    

 
Nyckelord: Sandlåda med förstärkt verklighet, lärande, kartor 
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Abstract 
 

Augmented Reality Sandbox as a Tool to Facilitate Learning for Undergraduate 
Students in the Bachelors Program of Earth Sciences  
Robin Offermo 

 
When we think of a map, most of the time, we think of the two dimensional map that 
is drawn on paper, or nowadays more often on the screen of a smart-phone. Maps 
are often either the starting point or the result of cartography and mapping and are 
used for many Earth science applications. Maps are also an excellent way to present 
vast amounts of data in a compact and understandable way. An augmented reality 
sandbox (AR-Sandbox) is a tool to visualise a topographic map in a 3D-model, 
something that many students struggle to do.  

It can be used as an educational tool to aid students in understanding concepts 
that involves maps and shapes. Educational science has been reviewed to find 
evidence for and against the use of the AR-Sandbox as an educational tool. The AR-
Sandbox can be considered as a tool to facilitate learning in the bachelors program 
of Earth Sciences. To be most efficient it is to be used in groups of 2-6, based on its 
size, and also because small group learning and active learning increases efficiency 
of students learning. The AR-Sandbox will also assist students in gaining concrete 
experiences and to test new hypothesises.  
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1. Introduction 
 

Augmented reality is a technology used to enhance reality. There are several 
applications for this, such as: projecting instructions to a worker on an assembly line 
or in this case to project a map onto the surface of a sandbox, the Augmented Reality 
Sandbox, AR-Sandbox, see figure 1. Many Earth science projects often either start 
with a map and/or have a map as the final product. Maps are a great tool for 
presenting vast amounts of data in a compact and understandable manner. Because 
of this, learning how to interpret and create maps is vital for all Earth science 
students.  However, many students struggle with visualising a 2-dimensional map as 
3-dimensional terrain Making topography and how it affects the outcome on a 
geological map difficult to understand. To help students overcome this visualisation 
problem the AR-Sandbox can help. This is because the AR-Sandbox can give the 
illusion of a 3-dimensional map, and can be looked at from different angles.  

The purpose of this project has been to evaluate if the AR-Sandbox is a tool that 
can be used to facilitate learning for undergraduate students in the bachelor program 
of Earth sciences, and if so, suggest courses in the program that would benefit from 
using it. As part of this project a brief tutorial film has been made to assist users to 
get started with the basics of how to use the AR-Sandbox. 

To reach the goals of this project the AR-Sandbox has been tried and tested to 
explore its functions and limitations. Literature research on the subjects of the AR-
Sandbox, learning and teaching is also a big part of this project.  The project has also 
made suggestions on specific courses in the bachelor program of Earth sciences at 
Uppsala University that will benefit from using the AR-Sandbox as an educational 
tool. 
 

 
Figure 1 AR-Sandbox at department of Earth Sciences, Uppsala University. 
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2. Background 
 

2.1 Maps 
 

Any graphical representation of a certain area could be considered a map. Maps 
come in many different forms: mental maps, subway maps, apartment blueprints, 
topographical maps and so on.  The two main types are reference maps and 
thematic maps. Reference maps focus on representing the real physical 
surroundings while thematic maps are used to show other types of information, often 
statistical for example; how people voted in different areas, or the average 
temperature of different regions in the world. It should also be pointed out that a map 
is always the map maker’s interpretation, not a real representation (Hall et al, 2003).  

Topographical maps, which are reference maps, are the main interest here since 
this is what the AR-Sandbox (in its current state) can aid us visualise. They use 
contour lines to show a certain altitude of the terrain. A hill with a circular base that is 
20 meters high would on a topographical map be drawn as two circles, one within the 
other, if the contour line interval is 10 meters. The distance between the contour lines 
show the slope of the topographical feature; the closer apart the contour lines are, 
the steeper the slope and vice versa; the further apart the contour lines are the 
gentler the slope. Figure 2 and 3 show an example of how a mountain is represented 
on a topographical map.  

 

 
Figure 2 Ahkka viewed from the north               Figure 3 The map of Ahkka 
(Copyright Google, 2016).                                  (Copyright Lantmäteriet, 2016). 
 

Earth science maps are used to show the distribution of different Earth science 
data in an area. There are many different types maps used in the Earth sciences: 
ground water maps, maps of catchment basins, soil type distribution maps and many 
others. Geological maps, for example, tend to be particularly difficult to interpret for 
students. This is because of the impact topography and geomorphology has on how 
geological features appear on the map. For instance a valley that cuts through an 
area may expose several horizontal geological units. On the map this would appear 
with several contour lines showing the valley altitudes and also lines parallel to the 
contour lines showing the boundaries of each geological unit. These geological units 
are normally displayed with a colour to mark the area in which they occur.  
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2.2 Processes of learning 
 

2.2.1 Learning through Experience 
 

The need to learn how to interpret maps has been mentioned before but it cannot be 
stressed enough how important it is that students understand how to use and create 
maps, and understand the basic concepts of maps, such as topography. Maps are 
used in all subfields of the Earth sciences, and for good reason. Maps are incredibly 
useful as a form of information. If students early in their education have a good 
understanding of how topography is shown on a map they will likely struggle less with 
the more advanced maps, as knowledge is built on prior knowledge (Kolb 1984).  

Learning is often confused with memorizing facts. While memory plays a big part 
in the learning process, simply memorizing a fact does not mean you have learned 
anything. Simply hearing something does not mean that any form of learning has 
occurred. For learning to occur the subject has to interact with the environment in 
some way. Kolb (1984, p. 38) defines it as: “Learning is the process whereby 
knowledge is created through the transformation of experience.” 

Kolb’s learning cycle begins with the (1) concrete experience gained from sensory 
input, after that the experience is (2) compared with pre-existing knowledge. From 
this, (3) new ideas can be created and new hypotheses can be formed. The last step 
in this cycle is then to (4) test these new ideas and hypotheses (Kolb 1984). 

 
2.2.2 Active and Group Learning 

 
According to Wirth and Perkins (2012), the student should interact with the 
environment in some way for the learning to be most efficient. To interact with the 
environment means to learn actively, whereby the student gains concrete experience. 
This can be done by reading a text or actually touching something for example. But 
simply listening to a lecture or watching a film is not considered being active, 
although a student can be active during a lecture simply by asking questions (Wirth 
and Parkins, 2012). 

When students are engaged in the learning activities, they will learn more 
efficiently. Prince (2004) concludes in a review of active learning that there is 
extensive evidence to support that active learning is highly efficient. He also 
concludes that cooperative learning and small group learning is highly effective. 
Springer et al. (1999) show in a statistical study that small group learning has a 
significant positive effect when learning science, mathematics, engineering and 
technology among undergraduates. They also concluded that the number of students 
that complete a course or a program is greater among small group learners, a 
positive effect on achievements. 

 
2.2.3 Learning Styles 

 
The theory of learning styles suggests that there are four major learning types: visual, 
aural, reading and kinaesthetic. The visual type prefers to have information presented 
as imagery or objects (seeing). The aural type prefers to have information presented 
via sound (hearing). The reading type prefers to read in order to acquire information 
and pass on information in text (read/write). The kinaesthetic type prefers to acquire 
information hands-on, via for example trial and error. Kinaesthetic types are widely 
known as “do-ers”, (Wirth and Parkins, 2012).  
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Note that learners have different preferences on how information is received or 
transmitted. This does not mean that learners learn more efficiently when presented 
information in their preferred styles, (Pashler et al. 2008). Pashler et al. (2008) show 
that there is little to no evidence in support of the meshing hypotheses, the 
hypotheses of learning style adapted teaching; learning should still not be completely 
homogenous. They identify that teaching styles should vary between fields, and also 
that teaching methods should be based on the student’s prior knowledge. 

 
2.2.4 Spatial Visualisation 

 
When learning how to interpret geological maps, and of course when simply 
interpreting geological maps, the ability to visualise 3-dimensional objects mentally, 
spatial visualisation ability, becomes important. Spatial visualisation ability is the 
ability to mentally manipulate, rotate, objects of various dimensions (Korhonen and 
Ninasdotter Holmström, 2015). Everything on a geological map is represented in 2 
dimensions but the objects below the surface are in 3 dimensions. Geology is in 
general a spatially demanding science. The importance of spatial visualisation ability 
is summarised in a study by Kastens et al. (2009). Learning and training spatial 
visualisation ability can be summarised into three different strategies. (1) Separate 
and combine objects. (2) To visualise one or several objects mentally, to practice. (3) 
To visualise still and moving objects mentally (Korhonen & Ninasdotter Holmström, 
2015). 
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3. AR-Sandbox 
 

3.1 Background 
 

As mentioned before augmented, or enhanced, reality is a technology used to 
enhance the physical world. Inputs from sensors are processed using computer 
software to give sensory feedback to the user. The feedback can be in the form of 
any of our five senses: smell, sound, touch, taste and visual. Many applications are 
visual enhancements which is also the case with the AR-Sandbox.  

A group of researchers at University of California, Davis started a project to create 
3-dimensional visualisation tools to aid in teaching Earth sciences. Inspired by a 
video from a group of Czech students they came up with the AR-Sandbox. The 
differences from the Czech group’s sandbox is that the one created by the group at 
UC Davis features contour lines, and not only elevation specific colours. It also 
features a much more vivid hydrodynamic model; whereas the Czech group’s only 
has water flow arrows the UC Davis one has a simulation of flowing and splashing 
water that looks quite realistic (UC Davis, 2016; Czech group, 2016).  

As the instructions to build an AR-Sandbox is free and all the software that is 
required is distributed under GNU, there have been many sandboxes built around the 
world (Figure 4). On the AR-Sandbox website there is a world map showing the 
locations of all AR-sandboxes currently available in the world. Most AR-Sandboxes 
are located in the USA, but there are also several in Europe and scattered around 
the rest of the world (AR-Sandbox website, 2016).  

 

 
Figure 2 Distribution of AR-Sandboxes around the world (AR-Sandbox website, 2016; 
Copyright Google, 2016). 
 
3.2 ARS at Geocentrum, Uppsala University 

 
A small group at the Department of Earth Sciences, Uppsala University, built an AR-
Sandbox from the instructions on the AR-Sandbox webpage at UC Davis, and their 
licence free software was used. The sandbox was originally built for a science fair in 
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March 2016 (Scifest). Now this project has looked into the details of further uses of 
the AR-Sandbox at the department. 

The AR-Sandbox itself consists of a distance scanner, a projector and a box of 
sand. The projector and the scanner are mounted above the sandbox (Figure 5). The 
scanner is used to measure the altitude of the sand in the sandbox; the data is then 
processed using computer software to produce a topographic map image of the sand 

 
 
 
 
 
 
 
surface complete with elevation colours and contour lines. The projector then projects 
this image back onto the sand giving the illusion of a topographic map in three 
dimensions. It can also reproduce an image of flowing water on the sand following a 
thorough hydrodynamic model.  

The sandbox is 1 m x 0.75 m in size and, built on wheels to be mobile. The 
projector is mounted about 2.5 m up (1.3 m above the sand surface), together with 
the Xbox Kinect slightly below, on a boom. The boom where the projector is mounted 
can be disassembled; this is also to increase the AR-Sandbox’s mobility. 
Disassembling and reassembling the projector will likely require the AR-Sandbox to 
be recalibrated.  
Calibration of the AR-Sandbox has to be done in order for the Xbox Kinect, and the 
software, to “learn” how the position of objects in its field of view relates to the 
projected image. Software for this calibration is included as part of the free software 
provided by the researchers at UC Davis. To “train” the AR-Sandbox a circular disc is 
used and the calibration software points out several locations on the sand where the 
centre of the disc is to be placed, at various heights above the sand surface. Properly 

Figure 5 Augmented reality sandbox. (1) The Xbox Kinect 
scans the height of the sand surface. (2) The height 
information is sent to the computer. (3) The computer 
software processes the data to create a map image of the 
sand surface. (4) The map image is sent to the projector 
and (5) the map image is projected onto the sand surface. 
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calibrated, the AR-Sandbox can map very small details in the sand at the right 
position.  

As part of this project a tutorial film has been made to get users started with the 
AR-Sandbox specific software. The film has a brief introduction followed by a simple 
explanation of how the AR-Sandbox works. This is then followed by a step by step 
guide on how to run the software and how to configure it. The film ends with a 
sequence showing a couple of examples of what is possible to do with the sand and 
how to produce rain.  
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4. Discussion 
 

4.1 AR-Sandbox as an educational tool 
 

4.1.1 Learning through Experience 
 

In the learning cycle developed by Kolb (2008); the student learns through (1) new 
experiences, (2) compare it to prior knowledge, (3) form new ideas and lastly (4) test 
these new ideas. With the AR-Sandbox it is possible for the student to have new 
experiences, and learn more, as long as there are more experiences to be had. The 
amount of experiences that the student can have from the AR-Sandbox is hard to 
estimate but it will depend on how it is used by the students and the AR-Sandbox 
itself. One factor limiting the number of experiences to be had is that there are a finite 
number of concepts, and shapes, to build in the sand: hills, valleys, rivers, half-
domes and so on. Although these concepts and shapes themselves can be varied a, 
close to, infinite number of times, a hill is still a hill and at some point the student can 
no longer gain new experiences from it.  

Another limiting factor is the student’s prior knowledge, as a student can have too 
little or too much prior knowledge to gain new experiences, this applies to all forms of 
education and the AR-Sandbox is no exception. Lastly the amount of experiences the 
student can gain will depend on how many concepts the student can come up with, 
and how many the student is willing to build, the student’s imagination and level of 
ambition. Step two and three of the learning cycle occurs in the mind of the student 
and the AR-Sandbox will not assist the students to do this. It will however help the 
students with the last step to complete the learning cycle as it is possible to test ideas 
and hypotheses, and then instantly get feedback on what this test means for the 
outcome of the map or shape.  
 
4.1.2 Active and Group Learning 

 
It is possible to use the AR-Sandbox as a lecture tool in front of a big group with the 
AR-Sandbox map (and hands of the lecturer) on a projector screen, similarly to how 
an overhead is used. This teaching method does however neglect what is currently 
known about the importance that students are active in their own learning for it to be 
optimized, in terms of efficiency (Prince, 2004; Wirth & Perkins, 2012). Evidently it is 
more efficient if the students interact with the AR-Sandbox, and are active, instead of 
watching a lecturer do it, and thus be passive.  

Although the sandbox is useful for teaching a single student, it is more useful in 
group activities. The AR-Sandbox is to be used in small groups to be most efficient. 
This is partly because the AR-Sandbox is small and it is important that all students 
can see, and partly because student interaction with the sandbox enhances the 
efficiency of their learning. One advantage with this is that small groups also learn 
more efficiently than individuals on their own, and large groups, do. Based on the 
size of the AR-Sandbox, 1 x 0.75 m, and each student needing about 0.5 m to be 
able to interact and see, it is advised that the number is kept somewhere in between 
two and six. 
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4.1.3 Learning Styles 
 

The four major learning types: visual, aural, reading and kinaesthetic are mentioned 
in chapter 2.2.3 above. These types are described as having different preferences on 
how to acquire and present information. The AR-Sandbox would present information 
in a way preferred by the visual type. The kinaesthetic would also have information 
presented in a preferred way by the AR-Sandbox, and also be offered to experiment, 
touch and perform trial-and-error operations. Pashler et al. find in a review in 2008 
that the evidence is sub-satisfying for learning style adapted teaching in general. 
However in a more recent study when teaching a specific method, called Scrum, 
evidence in support of learning style adapted teaching was found (Scott et al. 2015). 
To determine the AR-Sandbox’s efficiency when it comes to learning styles more 
research is needed. The AR-Sandbox does, however, add more variation to an 
otherwise, more or less homogenous, lecture-heavy education program.  
 
4.1.4 Spatial Visualisation 

 
It is possible to use the AR-Sandbox to create 3-dimensional shapes and objects, 
which can also be manipulated, and sometimes moved around. This can assist 
students to perform the strategies to learn and train spatial visualisation ability, as 
suggested by Korhonen and Ninasdotter Holmström (2015), i.e. to separate and 
combine objects, to visualise one or several objects mentally, and lastly to visualise 
still and moving objects mentally.  
 
4.2 Courses 

 
The following text points out particular courses that should have a key interest in 
implementing the AR-Sandbox as a teaching tool. This is mostly based on the 
education plan for the bachelors program of Earth Science and partly on the author’s 
experience as a student in the bachelors program of Earth Sciences (Earth Sciences 
education plan). It is noted that the teachers at the program most likely will spot other 
uses and courses for the AR-Sandbox, based on their point of view.  

Earth Science - Planet Earth is an introduction course to the bachelors program of 
Earth Sciences. The students’ prior knowledge is uncertain, and the students must 
learn the basics of maps. One of the course aims is that the student should be able to 
describe maps after the course is completed. It is important that a good foundation 
for the students to build upon, in terms of map understanding, must be laid here, 
because knowledge is built upon knowledge (Kolb, 1984). The AR-Sandbox can be 
used during certain practical exorcises in this course to further explain certain 
concepts, such as elevation contour lines, mapping and profiles, watersheds and so 
on.  

The course Rocks and Quaternary Deposits comprises two mapping projects, one 
for rocks and one for quaternary deposits. It can be good to refresh the students’ map 
knowledge prior to this field project using the AR-Sandbox, to make certain that all 
students have an adequate understanding of how to read and use maps.   

In the course Landscape Development, the students will learn about the 
landscape, landforms and how they form. The course also involves some map uses. 
Landforms and landscapes can be built in the AR-Sandbox so that students can 
explore them.  
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The course Structural Geology and Ground Stability teaches some methods on 
how to calculate the dip (angle from horizon) of geological units based on how they 
appear on the surface. The AR-Sandbox can possibly assist the students visualise 
the landscapes topography a little bit better when learning these more advanced 
mapping techniques.  

Another course that include map and shape understanding is GIS and Remote 
Sensing, and when taking this course the students should already have a good 
understanding of maps, if not the AR-Sandbox can be used to refresh the students’ 
knowledge on relevant concepts. 

Giving the students’ access to the AR-Sandbox outside of scheduled hours would 
allow them to “practice” and learn on their spare time. Students that struggle learning 
about elevation contour lines, shapes and so on can practice on their own terms 
without having a limited time or setting, such as a specific task to perform. 
 
4.3 Outlook 

 
The AR-Sandbox’s applicability as a learning tool to learn structural geology, and 
geological maps could be vastly improved if the AR-Sandbox’s software could be 
redesigned, or improved upon, to also be able to display more advanced geological 
features. Currently it is only capable of showing horizontal bedding. If tilted, folded, or 
faulted bedding and other more complicated geological features could be visualised 
in the AR-Sandbox, it would be a more versatile teaching tool for these concepts. 
Although it has some usability in teaching these concepts as of now, this would 
improve the AR-Sandbox’s applicability as an educational tool.   
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5. Conclusions 
 

The AR-Sandbox will not revolutionise education. It should be considered more as 
another tool in the toolbox, to complement the traditional and other teaching 
methods. Arguably in combination with traditional (and other) teaching methods the 
AR-Sandbox will complement and enhance the whole learning experience for the 
students. 

In relation to the learning cycle the AR-Sandbox will assist students to perform 
step one draw new experiences limited only by what it is possible to build in the AR-
Sandbox, the student’s prior knowledge, imagination and level of ambition. It will not 
assist the student’s to perform step two and three of the learning cycle, but it will 
however allow the student’s to perform the last step, to test ideas and hypothesis. 

The AR-Sandbox should be used in small groups of two to six to be most efficient 
as an education tool. Efficiency of the students’ learning is also increased by student 
to student, student to teacher and student to AR-Sandbox interaction, since the 
students in these cases are active in their learning. 

 The AR-Sandbox does fit at least two of the four major learning styles. More 
research is however needed before any conclusions can be drawn from this. The AR-
Sandbox does however add more variation to the education program. The AR-
Sandbox can also assist students when learning and practicing their spatial 
visualisation ability. 
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