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Resumen: The goal of this paper is to present the opportunities and strategies of 
geotechnology in the classroom. Activities focused on middle school and high 
school levels are described although some of these activities may be adapted for 
elementary school as well. Said activities employ different aspects of 
geotechnology such as GPS, Geographic Information Systems, and even 
augmented reality. The main advantages are the transversal nature of 
geotechnology, its engaging capabilities, and its affordability. 
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1. Objetivos o propósitos:  
 
The main goal of this paper is to provide specific activities with geotechnology that 
may take place in the classroom and employing open freely available software and 
data. These activities may take place in middle schools and/or high schools. Some 
may be adapted for elementary schools. 
 

2. Marco teórico:  
 
Geotechnology is defined as “a form of technology that is concerned with the earth” 
according to the Oxford English Dictionary (OED). It includes Geographic 
Information Systems (GIS), remote sensing, and Global Navigation Satellite 
Systems (GNSS) such as the popular GPS. All these technologies are founded on 
Geomatics, which the OED defines as “the branch of science that deals with the 
collection, analysis, and interpretation of data relating to the earth's surface”. 
Previously, it was defined as “the mathematics of earth”. This yields that 
geotechnologies include collection, visualization, and analysis, of geographically 
referenced data, hence, it makes sense to use them in order to understand spatial 
relationships and patterns. Moreover, the use of maps and charts facilitate the 
acquisition and understanding of information beyond first-hand experience (Baker 
et al., 2015). 
 
This paper is based on the foundations of preceding papers and studies 
(Fombuena, 2016; Kim & Bednarz, 2013; Montello, Grossner, & Janelle, 2014; Xie & 
Reider, 2014) that support the use of geotechnologies in the classroom, preferably, 
across the curriculum. For instance, Martí, Feliu, and Vergara (2014) support that 
it is necessary to include geotechnologies in the constantly evolving information 
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and communication technology (ICT) tools, and Bodzin et al. (2014) argue that 
being able to use geotechnologies will become an essential skill. 
 
There are several STEM (Science, Technology, Engineering, Mathematics) 
education standards that emphasize the importance of geotechnologies as well as 
several institutions in the US (Solem, Huynh, & Boehm, 2014). Specifically, the Next 
Generation Science Standards, the US Common Core State Standards, the State 
Standards for Mathematics, the Geography Education Research Committee, the US 
National Geography Standards, the College, Career, and Civic Life Framework for 
Inquiry in Social Studies State Standards, the National Research Council, the 
National Science Foundation, the International Cartography Association, Esri, and 
the United Nations Committee of Experts on Global Geospatial Information 
Management. Specially, the connection with mathematics is relevant since the 
mathematics standards describe that students should be able to find locations, 
identify and explain spatial relationships using coordinate geometry. For example, 
coordinate systems in maps.  
 
In short, geotechnologies may serve as a motivator and facilitator for problem 
solving across the curriculum (National Research Council, 2006). 
 
There are several fields where geotechnology is applied such as climatology, 
business, economy, natural risk assessment, criminology, mathematics, sociology, 
history, literature, public health, demography, geology, edaphology, agriculture, 
archeology, urban planning, etc. Nonetheless, despite its ubiquity (Diario de Ávila, 
2015), the lack of awareness about this kind of technology results in a very limited 
application in the classrooms across the globe.  
 
One of the most relevant and recent experiences with geotechnology in the 
classroom is the gvSIG Educa (Ramat, 2016), developed with the open source 
software gvSIG Desktop and intended for secondary education. It includes both the 
software and the data and is available in Spanish for download at no cost. Its 
predecessor, gvSIG Batoví was employed in schools in Uruguay (Plan Ceibal, n.d.). 
 

3. Metodología:  
 
In this section, a few of activities with geotechnology are presented. In an attempt 
to facilitate their application to the highest number of high schools and reach the 
maximum number of students possible, the employed software is available for free 
or at a very low cost. In most cases, the apps for iOS devices may cost between 1€ 
to 5€. Evidently, the devices such as smartphones and computers have a cost that 
must be considered as well. Nonetheless, it is assumed that most students already 
have a smartphone in developed societies and most educational facilities, if not all, 
include computer rooms connected to the Internet as well. It is also assumed, that 



 
 

 
Organizado por: 

 

  

prior to the activities described below the students receive an introductory lecture 
on the basic skills for manipulating the chosen software (i.e. zoom, pan, move the 
map, add new data, etc.). 
 
Activity 1. Hands-on introduction to GNSS 

 
This first activity is one of the most typical activities for discovering the basics of 
GNSS. 

 
Materials: Smartphone and application capable of registering “waypoints”, such as 
OruxMaps or Wikiloc on Android devices, and MotionX or GPS Tracks on iOS 
devices. gvSIG Desktop or any other desktop GIS software. Additionally, Google 
Earth. 
 
Activity: The activity is divided in two sessions: data collection and data 
visualization. In the first session, the class goes to a large park or other area with 
limited boundaries such a university campus. There, students capture “waypoints” 
at each location of interest with their smartphone. Additionally, a picture can be 
taken at each location. Once the data collection is completed, the second session 
takes place in the computer room. Here, the students download the collected data 
to a GIS software and create a route. Finally, they write a report where they 
describe their route including pictures and a short description of each location of 
interest. Additionally, the route may be loaded on Google Earth in order to 
appreciate the displacement between their route and the aerial picture displayed 
on Google Earth. Then, the causes of said displacement, the shape of the earth, 
gravity and other contents connected with the physics of the earth can be 
discussed in class. To end the class, games that make use of GNSS such as 
geocaching are introduced. 
 
Activity 2. Georreferncing an aerial orthophotography 
 
The activity of geographically referencing an aerial ortohophotography 
(orthophoto), that is, a photography that is geometrically correct, can be also used 
as the motivator for a series of questions connected to mathematics, the shape of 
the earth, physics, and debates on the effects of map projections on our perception 
of the world and global socioeconomic challenges.  
 
Materials: Computer and GIS software such as gvSIG or QGIS. Google Earth. 
Data source: Plan Nacional de Observación del Territorio (PNOA), Natural Earth, 
USGS Earth Explorer, ESA’s Sentinel Satellite Data, etc. 
 
Activity: The main goal is to download an aerial orthophoto from one of the online 
services listed above and, with GIS software, accurately position the orthophoto on 
its real location. This activity may take place in several sessions.  
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First, coordinates are given to the orthophoto. Then, the students proceed to load 
the georeferenced orthophoto on Google Earth and observe weather the location is 
matched correctly. Ideally, the students would download the area they visited 
during the previous Activity 1 and use the coordinates of their “waypoints” for the 
georreferencing process. In the case the match is not good enough, students may 
obtain correct coordinates from the downloaded data if such data is appended (as 
is the case of the PNOA), if not, students may get the coordinates from Google 
Earth.  
 
On a second stage, the students use the distance measurement tools available and 
measure the distance between two “waypoints” points. Then, they will change the 
coordinate system with the coordinate system transformation tools available in 
the GIS software, and measure again the distance between the same points. They 
compare the result and observe the difference. Once this is completed, new data of 
the earth with country borders is loaded on the GIS software. In this case, the 
perimeter and area of a certain country is measured and the shape of the countries 
is observed. Then, the students repeat the process of changing the coordinate 
system, measure again the perimeter and area and observe the countries’ shape. 
Throughout the activity, students write a report where they describe their 
observations and measurements. Mathematics exercises concerning area and 
perimeter computations, projections and coordinate systems may be added. These 
computations may also be performed employing mathematical software such as 
GNU Octave. The concepts of measurement error may be introduced as well.  
 
The activity ends with a discussion on coordinate systems and map projections, 
our perceptions of the world, and the motivations for employing certain 
projections more often than others. Lectures on the shape of the earth and gravity 
are also directly linked to this topic and are suitable if enough time is available.  
 
Additionally, as an introduction to this activity students may take a series of 
pictures of rectilinear objects such as doors and windows and observe the 
deformations caused by the conical projection of their camera lens. 
 
Activity 3. Comparison of aerial orthophotos 
 
This activity provides historical perspective and is suitable in history and 
geography courses. In the case of Spain, the PNOA offers orthophotos dated since 
1929 to our days. 
 
Materials: Historic orthophotos, computer and Desktop GIS software. 
Source: PNOA, ESA’s Sentinel Satellite Data, NASA Earth Observations, etc. 
 
Activity: In this activity orthophoto comparison is used to better understand 
events related to history and geography. For instance, urban development in 



 
 

 
Organizado por: 

 

  

coastal areas, historical migrations from the country side to the city, or the effects 
of natural disasters. 
 
For this activity online services such as the PNOA’s historic orthophoto 
comparison service are employed to visually analyze a particular event. Historic 
photos such as those offered by Britain From Above, may assist illustrate 
significant events such as World War II. Furthermore, services such as “Historypin” 
provide location-based historical stories since the year 1000 to our days, which are 
an additional support for understanding history. 
 
After the visual analysis, the students may download satellite imagery of recent 
natural disasters. The ESA’s Sentinel Satellite Data offers the most accurate data 
while the NASA Earth Observations offers the most updated data. The students 
first visually asses the damages. Then, both images are overlaid and, using the GIS 
tools, the changes are computed. Connected to this activity mathematics 
computations with matrices, and area computations are suitable as well. 
 
Activity 4: Maps and programming 
 
In this case, a specific activity is not described due to space limitations. However, it 
is important to explicitly state that geotechnology offers great opportunities for 
programming. Be it mathematical programming with GNU Octave for 
computations with coordinate systems, projections, photography rectification, 
programming specific plug-ins for the specific GIS desktop software using python, 
HTML programming for websites including location-based services or, in more 
advanced courses, smartphone apps using location-based services. The number of 
opportunities is astounding. 
 
Activity 5: Augmented reality sandbox 
 
This activity is aimed towards schools. Employing an augmented realty sandbox 
students can learn about the topography of the terrain, the raining cycle, and river 
flows, just to mention a few.  
 
Materials: Augmented reality sandbox. 
 
Activity: In this hands-on activity supervised students manipulate the sand and 
observe the changes. During this activity, the teacher can explain the details of the 
specific contents such as the raining cycle. This activity, however, presents an 
economic challenge as the sandbox is priced at around 3000€. 
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4. Discusión de los datos, evidencias, objetos o materiales:  
 
The described activities employing geotechnology in the classroom demonstrate 
the high accessibility and minimal economic investment required. Furthermore, 
geotechnology’s transversal nature is also clear as said activities can be connected 
to several courses such as mathematics, physics, history, geography, and computer 
science. 
 
Nonetheless, teacher training is necessary. An effective alternative is the 
collaboration with geotechnology experts for planning the specific activities and 
supporting the students during the development of said activities. It is important 
to favor problem solving and avoid what I denominate “buttonology”, that is, 
students learning only which buttons to push in order to achieve a certain task. 
 
Finally, one of the biggest challenge for applying geotechnology is the lack of 
awareness. Many are the people who ignore its existence and its capabilities. 

5. Resultados y/o conclusiones:  
 
Through the activities described above it is clearly visible that the application of 
geotechnology in the classroom is economically viable. However, it is also evident 
that the teachers and professors should receive specific training in order to exploit 
the geotechnology capabilities to the fullest. 
 

6. Contribuciones y significación científica de este trabajo: 
 
The main contribution of this work are the proposed specific activities employing 
geotechnology in the classroom. From these examples, creative teachers and 
professors may find new ideas and methods for applying geotechnology 
throughout the curriculum.  
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