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Abstract 
Augmented Reality (AR) is an emerging technology that has been suggested to have 
enormous potential as an educational tool. Augmented Reality Sandboxes, created from 
a fusion of a table-top sandbox, a Microsoft Kinect and a projector with simulation and 
visualization software are uniquely suited to bring large-scale geologic and environmental 
topics into classrooms in a tangible way. The Young Scientists Program at the University of 
Southern California, with funding from the American Geophysical Union’s Celebrate 100 
Grant, installed AR Sandboxes in seven Title 1 schools in Los Angeles, as part of a wider 
mission to increase the presence of emerging technologies in low-income schools. 

Introduction
The Young Scientists Program (YSP), a Science, Technology, Engineering and Math (STEM) 
Education program within the University of Southern California’s Joint Educational Project (JEP), 
used funding from the American Geophysical Union (AGU) Celebrate 100 Grant to expand its 
Augmented Reality (AR) Sandbox program. YSP had only one full AR Sandbox setup that has been 
used in Emerging Technology workshops for 4th and 5th grade students, teacher professional 
development sessions and parent workshops on technology integration in low-income schools and 
in beta testing for use in weathering and erosion curriculum in one YSP school in 4th grade class-
rooms. The grant allowed us to scale up the program to install one sandbox into each of the seven 
Title 1 schools we partner with. 

Why Use Augmented Reality Sandboxes with Elementary Students
AR Sandboxes, whilst popular in undergraduate classrooms for geoscience majors and some 
geology-based high school classrooms, are rarely used at the elementary level. This is unfortunate, 
since many of the Next Generation Science Standards (NGSS) incorporate concepts that are directly 
relatable to the sandbox including weathering, deposition and erosion. Augmented Reality systems 
are those in which real and virtual environments and objects can coexist and be acted upon in 
real time (Azuma, 1997). This combination of virtual and real allows users to access contextually 
relevant multimedia content in a way that allows for an immediate integration of new informa-
tion into action by further engaging with the AR system. This has led several researchers to note 
AR’s great potential to enhance educational experiences (Bower et al., 2014). Research suggests 
that the use of AR in the classroom can boost student motivation and retention of information, 
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particularly for students not well served by traditional text-based education practices (Billinghurst 
& Duenser, 2012) as well as improve student’s attitude towards learning and their perception of the 
subject matter’s relevance to their own lives (Jerry & Aaron 2010). Vitally for science education, the 
use of AR may reinforce and promote student’s understanding of the nature of scientific inquiry 
in addition to learning the subject matter (Heath, 2017). Augmented Reality as technology acces-
sible outside of highly specialized fields (e.g. medicine) is a recent phenomenon. As an emerging 
technology, it is less likely to be available to low-income schools and their students, something we 
are aiming to change. By bringing in our AR sandbox setups through the Young Scientists Program 
students will have access to the benefits above and critically, their teachers will also be able to experi-
ence and learn about the technology so that as increasing access becomes possible, they will have 
the confidence and familiarity to use AR effectively in their classrooms.      

Through the Young Scientists Program the AR Sandboxes were installed in seven Title 1 schools 
within the Los Angeles Unified School District. These schools serve thousands of students who 
come from socioeconomic backgrounds which are underserved and underrepresented within the 
Earth & Space Sciences (Latinx, African American, low-income, etc.). A detailed breakdown of the 
demographics of the students in six of the schools served by YSP is shown in Table 1. In addition to 
directly serving the students, these sandboxes can be used to facilitate teacher professional develop-
ment sessions in order to empower educators to more confidently lead Earth Science instruction. 
The AR Sandbox technology is open source but still inaccessible in terms of resources (financial, 
budget for physical materials, etc) for many low-income schools.  The AR sandboxes that have been 
installed in the low-income schools aim to level the playing field for the students in geoscience.

In the Classroom
The large scales at work in many geological and hydrological processes are a particularly good fit 
for AR as the real portion of the experience can be classroom table scale, while the virtual overlay 
can represent much larger scales such as that of an entire watershed. The AR Sandbox setups used 
by YSP were developed by Deezmaker’s Diego Porqueras (2017) and combine a real sandbox with 
virtual topographic maps and water generated by a closed loop of a Microsoft Kinect 3D camera, 

Table 1. *Demographics of six of the Title 1 schools in Los Angeles in which Augmented Reality Sandboxes 
were installed.

*Sourced from the California Department of Education

Demographic Data Ethnicity Data (%)
Gender 

Enrollment (%)

School Name
School 

Enrollment

% of Free/ 
Reduced 
Lunches

% of English 
Language 
Learners

% of ELL 
students 

that speak 
Spanish Latinx

African 
American

American 
Indian or 

Native 
Alaskan F M

Lenicia B. Weemes 
Elementary 582 91 .1 36 .6 97 .98 72 .3 24 .2 0 .3 51 49

Norwood Street Elementary 506 92 .1 40 .9 99 .2 92 .9 4 .2 0 51 49

Vermont Ave Elementary 629 91 .9 48 99 .04 89 .3 7 0 50 50

Foshay Learning Center 138 85 .5 13 .9 98 .54 83 .3 15 .05 0 49 51

Thirty-Second Street USC 
Performing Arts 419 79 57 97 .37 76 12 0 54 46

Dr. Theodore T. Alexander Jr. 
Science Center 649 86 .4 20 .6 99 .37 82 .6 13 .3 0 .2 52 48

Total or Average in % 2923 87.71 36.16 98.58 82.73 12.62 0.1 51.16 48.83
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simulation and visualization software 
and a projector. Users can create topo-
graphic models in real time by moving the 
sand into different landforms which are 
then augmented by the projected eleva-
tion contour map. This tool can be used 
to demonstrate patterns in bathymetry/
topography, how water moves through 
watersheds, how watersheds may be altered 
and how weathering and erosion shape a 
landscape. Because of the versatility of the 
Sandbox itself, real landscapes and water-
sheds may be recreated, allowing students 
to understand these concepts for environ-
ments relevant to their lives. For example, 
our classrooms recreated the Los Angeles 
Basin and allowed the students to explore 
and understand how water moves through 
their local area. Instructions and diagrams 
for initial system setup were generated 
and available for dissemination along with 
diagrams outlining how to set up the sandbox to mimic 
real watersheds. The complete lesson plan is shown on 
pages 24 – 26. 

Mr. Craig Hinkel, a 5th grade teacher with the AR 
Sandbox installed in his classroom said, “the augmented 
reality sandbox takes STEM to the next level. It gives kids 
a chance to physically engage in science. It’s like a 3D 
etch-a-sketch for geology”. He plans to use it for some 
of the geoscience themed standards in fifth grade and 
present it at their Weemes Science Night so that commu-
nity members including family and guardians of his 
students can participate in this hands-on exploration of 
geoscience.
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Figure 2. Craig Hinkel demonstrates how to use 
the Augmented Reality Sandbox to his fifth grade 
students at Lenicia B . Weemes Elementary school . 
Photo Credit: Young Scientist Program, USC Joint Educational Project

Figure 1. Young Scientists Program Teaching 
Assistant Candace Ro demonstrates how to use 
the Augmented Reality Sandbox . 
Photo Credit: Young Scientist Program, USC Joint Educational Project
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Augmented Reality (AR) Sandbox Lesson Plan
Subject/ Grade Level: Earth Science/ Fourth and Fifth Grades

Materials:
• Moveable cart or permanent tabletop surface
• Projector
• XBox 360 Kinect with power adaptor
• Linux computer with specific graphic cards for water simulations
• Sand containment area
• “Play” sand with three-dimensional objects
• Square tubing/ other structure for mounting the projector and XBox 360 Kinect above the sandbox
• Computer program to run on Linux OS: SARndbox (AR Sandbox), XBox SDK drivers 

NGSS Essential Standards and Clarifying Objectives: 
4-ESS1-1 . Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a 
landscape over time . [Clarification Statement: Examples of evidence from patterns could include rock layers with marine shell fossils 
above rock layers with plant fossils and no shells, indicating a change from land to water over time; and a canyon with different 
rock layers in the walls and a river in the bottom, indicating that over time a river cut through the rock .] [Assessment Boundary: 
Assessment does not include specific knowledge of the mechanism of rock formation or memorization of specific rock formations and 
layers . Assessment is limited to relative time .]    

4-ESS2-1 . Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, 
ice, wind, or vegetation . [Clarification Statement: Examples of variables to test could include angle of slope in the downhill movement 
of water, amount of vegetation, speed of wind, relative rate of deposition, cycles of freezing and thawing of water, cycles of heating 
and cooling, and volume of water flow .] [Assessment Boundary: Assessment is limited to a single form of weathering or erosion .]  

4-ESS2-2 . Analyze and interpret data from maps to describe patterns of Earth’s features . [Clarification Statement: Maps can include 
topographic maps of Earth’s land and ocean floor, as well as maps of the locations of mountains, continental boundaries, volcanoes, 
and earthquakes .] 

4-ESS3-2 . Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans . [Clarification  
Statement: Examples of solutions could include designing an earthquake resistant building and improving monitoring of volcanic 
activity .] [Assessment Boundary: Assessment is limited to earthquakes, floods, tsunamis, and volcanic eruptions .]  

Lesson Objective(s): Students use an Augmented Reality sandbox to understand several Earth science processes . 

Differentiation Strategies to meet Diverse Learner needs:
• Think-pair-share, for students that learn best when engaging with classmates .
• Multisensory learning, to accommodate students that are auditory learners and visual learners, as well as encourage students to 

engage their senses in the learning process .
• Awareness of social and cultural backgrounds of students, in order to reinforce the real-life application of what they are learning .

ENGAGEMENT

Background Information for Educators
“Augmented reality (AR) is a live direct or indirect view of a physical, real-world environment whose elements are augmented (or 
supplemented) by computer-generated sensory input such as sound, video, graphics or GPS data . With the help of advanced AR 
technology (e .g . adding computer vision and object recognition) the information about the surrounding real world of the user becomes 
interactive and digitally manipulable .” (Graham 2012) .

“Deezmaker built a hands-on activity combining a real sandbox, and virtual topography and water created using a closed loop of 
a Microsoft Kinect 3D camera, powerful simulation and visualization software, and a data projector . The augmented reality (AR) 
sandbox allows users to create topography models by shaping real sand, which is then augmented in real time by an elevation color 
map, and topographic contour lines . The AR Sandbox can be used to demonstrate bathymetry and other watershed capabilities . It 
allows students to model different land structures and demonstrate how events like erosion and weathering change a landscape .” 
(Deezmaker 2017) .
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Bathymetry: Generating a heat map of elevation . 

The order of elevation on a surface is defined by 
color:

• Blue (corresponds to the lowest elevation, such as deep-sea oceans in the AR Sandbox)
• Green
• Yellow
• Orange
• Red
• White (corresponds to the highest elevation, such as snow-capped mountains in the AR Sandbox)

Begin the lesson by introducing the vocabulary terms related to earth science that students will be observing using the AR Sandbox: 

• Erosion refers to the removal of surface material from Earth’s crust, primarily soil and rock debris, and the transportation of the 
eroded materials by natural agencies from the point of removal . (Illustration below is modeled with AR Sandbox)

• Deposition is the geological process in which sediments, soil and rocks are added to a landform or land mass . Wind, ice, and 
water, as well as sediment flowing via gravity, transport previously eroded sediment, which, at the loss of enough kinetic energy in 
the fluid, is deposited, building up layers of sediment .

• Weathering is the disintegration or alteration of rock in its natural or original position at or near the Earth’s surface through 
physical, chemical, and biological processes induced or modified by wind, water, and climate . This process is illustrated in the AR 
Sandbox with straws and water flow program modeling .

• Watersheds are the land and water areas, which contribute to runoff to a common point . A watershed is an area of land and water 
bounded by a drainage divide within which the surface runoff collects and flows out of the watershed through a single outlet into a 
larger river or lake .

EXPLORATION
Prior to beginning the AR Sandbox demonstration, make sure that all the necessary equipment is calibrated appropriately: 

Calibration Procedure: Create a target that lines up on the sand and 
targets the Sandbox program that’s running . Match up the crosshairs on 
the target 12 times across the whole sandbox . 
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Once the AR Sandbox is calibrated and ready-to-go, begin simulating different landforms at various 
elevations and ask students to identify these two properties: 

1 . What type of landform are the students viewing/ interacting with in the AR Sandbox? 

2 . At what elevation is this landform (based on the heat map generated by the AR Sandbox 
software)? 

EXPLANATION
Ask students these “Follow-up Questions” to gauge what they learned about various earth science 
processes, as well as the merits of using AR technology to simulate these processes: 

• How were you able to tell if a landform or watershed was high or low in elevation in the 
sandbox? 

• What types of erosion processes did you observe in the sandbox? 

• What happened to the landmass or watershed after erosion occurred? 

• How do you think the real-life processes compare to the simulations you observed in the sandbox? 

Record the responses generated from the class, and have students record their own observations in science journals, if these are a part of 
the classroom . 

ELABORATION
To expand upon this activity, students can consider other ways that augmented reality technology can be used to help us understand our 
environment, or other scientific processes: 

• What other simulations would you like to see using augmented reality? How do you think this simulation would work? 

• Why do you believe that it is helpful to use augmented reality to understand complicated and large-scale processes such as 
weathering and erosion? 

EVALUATION
Students may be evaluated based on the extent of their participation in the AR demonstration, as well as the quality and quantity of 
observations and notes taken in their science journals and/or their responses to the activity questions . 
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