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Abstract 
As is known, Mathematica was primarily focused on mathematical applications in its initial versions. 
Over the years, not only a broad apparatus for solving mathematical problems has been created, but 
also a very interesting graphical way of interpreting work results. 

In recent releases, this program has focused on the use of mathematical apparatus in other scientific 
fields, including the use of these options in specific teaching. In this paper, the authors show the wide 
use of Mathematica in geography. Above all, they describe the connection of the program's core to 
external data sources that allow for unexpected links between hundreds of kinds of information and 
entities that are selected and studied in geography. 

Based on these relationships, outputs were made in known CDF files. This ensures the interactivity of 
all results. The teacher can, on the one hand, create interesting outcomes that are directly related to 
teaching and, on the other hand, are used by the student to find truly unconventional information. 
Along with the information, the student can also work with interesting mathematical results that are 
part of all the above files. For example, it can process the time series of temperature of a selected city, 
determine the demographic structure of the population of a given locality, compare selected regions 
with each other, have output data statistics processed, determine distances between locations in the 
world, including a specific measurement method, etc. 

Some of the already created files are presented in the paper and students' work with them is 
described. There is also a feedback between students and the creator of interactive files. 

Keywords: interactive teaching, Mathematica, geography. 

1 INTRODUCTION 
In the following, we'll show you how to use Mathematica to improve high school students and 
students. For this purpose, examples of applications are created, on which it is possible to 
demonstrate a wide range of utilization of the given program directly in the classroom. Students are 
acquainted with non-trivial results in a non-violent way. For their own studies, the teacher can prepare 
interactive screens for them, as described in Chapter 3. Creating such interactive screens is not 
difficult, so almost every teacher is able to implement them after a short training. 

First, in the second chapter, we familiarize with the structure of the Mathematica program and then 
proceed to the descriptions of the created interactive tools. 

2 BASIC PARTS OF MATHEMATICA 
While working in Wolfram Mathematica, the user uses two basic separate parts. They are referred to 
as kernel and front end. 

1 Front end - This is the user interface that forms the basis for receiving entries into the program. 
It consists of individual notebooks that resemble text editors. Users can write their commands 
here. In addition to inputting inputs, the notebook also presents output values and results. 

2 Kernel - Specific calculations are performed in the kernel. As a kernel advantage, we may not 
need to run the entire program again if an error occurs. All you have to do is start the kernel 
itself. The core of the core is the C programming language. It is one of the largest mathematical 
systems. 

Both parts cooperate with each other and one without the other could almost not fully function by 
themselves. The basic code of the program Mathematica - notebook is writing the code itself. It is then 
sent to evaluate the results that are currently in the kernel. The kernel processes the inputs and 
produces the outputs that are presented in the front end again. 
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We must not forget another part of the program. It's just MathLink. This can be described as a basic 
"communication protocol" that allows the kernel and front end to communicate with each other. In 
addition to this, it ensures communication between Mathematic and programs in the environment 
where the program is installed. 

The last important component of the program that I mention here are packages (additional system 
libraries - packages). Since the author uses only a part of the program, these less-used libraries are 
located outside the program so that they do not burden the application itself and can only be used by 
the user when needed. 

2.1 Wolfram language 
The only part that has hardly changed since the first version of Mathematica is Wolfram Language. It 
is a specific programming language built on mathematical symbols, with the user having at least a 
minimal knowledge of English. There are many programming languages, such as Java, C ++, Python, 
and Pascal. Creating a new language Wolfram Language was influenced by programming languages 
like C, C ++, Java, RLink. 

One of the main conditions for successful orientation in the program is user knowledge. The program 
offers a large number of built-in functions covering a wide range of interest in a particular field. 
Individual commands are not based only on text inputs, the program can work with, among other 
things, interactive inputs. The software allows you to create programs, applications or even web 
pages. 

However, the authors' goal was to create an environment closer to users without deeper programming 
knowledge. This may be one of the reasons why many companies or common computer users choose 
this program. The only thing you need to know is individual built-in commands built on both 
professional and English terms. What variables to use when writing the code will help us, which can 
be found directly on the program notebook or on the official website of Tungsten. In Help, the user can 
see sample examples using the command [5] outside the explanatory notes. 

The 11th version of the program was launched in August 2016, and we are working with this version in 
this post. This update introduced new features in 3D printing, audio processing, and even added 
dictionaries of more than 20 languages to enable word translation and control. In addition, the program 
can take advantage of machine learning features that let you know, for example, which word best 
describes the image (ImageIdentify []), where it can recognize more than 10,000 images. 

This version also had its geographical benefit. Cartography was one of the basic sub-sectors. The 
update made it possible to create simple cartograms or cartograms. Especially, it may be called 
heatmaps, allowing the representation of the phenomenon distribution for a given area. In addition, 
users can view digital images of the area of interest or even use different cartographic views. 

3 RESULTS 
In this chapter, we will describe some interesting examples that can be used in teaching. Not only do 
they illustrate the importance of a given substance, but in most cases they make learning interesting. 

3.1 Create an example with real coordinates using GPS 
In Mathematica, we can determine the position using a simple function (GeoPosition []). It is possible 
to determine the location of cities, cultural and natural monuments, etc. However, the software 
database does not offer a complete list of all objects, but the most important ones can be found here. 
To avoid writing all objects with a long code, it is easier to use the object's direct name entry by using 
the "Ctrl" and "=" keys. This will show us a window where we will enter our request. Another option is 
to find your own location. To do this, use the command (Here []). The result is coordinates that are not 
determined by the use of satellites but by the information provided by the Internet connection. 

The resulting position can also be displayed on the map. We use the function (GeoGraphics []) to 
display a given object or territory on the map. The map scale adjusts to make the map as transparent 
as possible. In maps we can show points (Point []), lines (Line []) and polygons (Polygon []). These 
functions are commonly used in geometry. You can mark a point using a special geographic sign 
(GeoMarker []). This character is used in the dynamic map example (DynamicGeoGraphics []), which 
displays the selected object on the map, which can be scaled arbitrarily using the plus and minus 
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characters located in the lower right corner of the map. The geographic marker displays the city of 
Pilsen or Palma de Mallorca on a dynamic map slightly modified with built-in drawing tools and 
scaling. 

 
Figure 1. Maps with marker – Pilsen, Palma de Mallorca 

3.2 Find location coordinates on the world map 
The following application shows the location on the world map after entering coordinates in the latitude 
and longitude fields provided. In the example below, a black dot depicts the city of New York, which, 
according to Mathematica, coordinates {40.6643, -73.9385}, approximately 40.66 ° north latitude and 
73.94 ° west longitude. During decimal notation, the comma is replaced by a period. To make the 
writing more transparent, a window was added to convert coordinates into decimal. Degrees are 
expressed in degrees, minutes, and seconds in this cell. 

 
Figure 2. Recalculator of Latitude and Longitude 
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3.3 Route between two point 
In another example that illustrates software options, the goal is to draw a route between 2 points on 
the map and write a text description of our route. Two of Prague's sights - the Dancing House and 
Charles Bridge - were chosen as the main points. The starting point in our example is the Dancing 
House and the Charles Bridge was chosen as the destination. I used the function (TravelDirections []) 
to create the route and the function (TravelDirectionsData []) served to describe the route. The result 
can be seen in the figure below. 

 
Figure 3. Two maps – drive by car and on foot from start to finish 

To improve clarity, the starting points were indicated by arrows. On the previous example, we learned 
that Mathematica can plan a route between two places. In the following example, we developed the 
previous example. In the command showing the route between 2 places, we use an additional function 
to select the route method (TravelMethod []), walking and driving. Both routes are drawn if we use 
another command (GeoPath []) within the function (GeoGraphics []). Select the color of the route by 
writing the color name in the source code. In our case, the red color indicates a car ride and a blue 
walk. Another task is to find out the length and duration of the route using (TravelDistance []) and 
(TravelTime []). 

 
Figure 4. Comparison of travels from start to finish 
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Figure 5. Details of travel from start to finish 

3.4 Loxodrome versus Ortodrome 
In geography, we often encounter the problem of measuring the distance between two places. Often we 
calculate the distance using only a ruler and a scale map. Since maps created by conversion from a 
reference plane to a plane are subject to some distortion (linear, angular, planar), it is often advisable to 
measure real distances using significant curves on reference surfaces. Using the orthodrome, we can 
measure the shortest distance on a spherical surface between two points. It is a part of the main circle 
that can be described as a circle on a spherical surface having a center identical to the center of the 
spherical surface. The orthodrome between 2 points is created by cutting a spherical surface and a 
plane passing through our 2 points and the center of the spherical surface. One example is the parallel 
and meridians. 
In the following example, we have shown a loxodrome and ortodrome on a dynamic map on the map so 
that potential buyers can zoom in and see what points these important curves pass. The exit point was 
Prague with coordinates {50.08,14.43} and New York destination {40.6643, -73.9385}. The red and blue 
orthodrome are shown in red. In my work I used 2 professional names - RhumbLine (for loxodrome) and 
Geodesic. Orthodrome is a special case of geodetic curve. 
In the created application, the input values of the origin and destination points are the input values. 
Furthermore, we find a window with the calculated length of individual curves in kilometers. At first 
glance, it may be misleading that the orthodrome is longer than the rhumb line on the rendered map. 
However, the length data corresponds to the lengths of the reference area. Influence of chosen 
cartographic. 

 
Figure 6. Manipulate[] Loxodrome and Ortodrome from 1. point to 2. point 
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In the created application, the input values of the origin and destination points are the input values. 
Furthermore, we find a window with the calculated length of individual curves in kilometers. At first 
glance, it may be misleading that the orthodrome is longer than the rhumb line on the rendered 
map. However, the length data corresponds to the lengths of the reference area. Due to the chosen 
cartographic display, this data is distorted. On a geographic network, these curves are represented 
by Mercator and Gnomonic views. 

3.5 Recording a route on the map 
One of the possibilities of using the program in lessons is to record a route that can serve as a 
suitable and illustrative example for students. Use the (EventSeries []) function to enter information 
for each point in the program. Each of the points contains information about the date we visited the 
site and the location where the site is located. The program then links the points using commands 
and data written by us (GeoListPlot []). 

3.5.1 World tour Magalhaes 

In the example below, we see the application of the route record around the world organized by 
Fernão de Magalhães. He set out on October 8, 1519 from Sanlúcar de Barrameda in Spain. This 
place also became the destination of this expedition in 1522. However, Fernão de Magalhães did 
not participate in this discovery voyage because in 1521 he was killed in the Philippines by local 
natives. The Philippines is listed by Samar Island. Individual sites are connected by orthodontics. 
When entering the original points, the resulting connecting line overlapped with the mainland, so 
points were needed to prevent the crossing of the sea route with South America. The defined 
position is located near the Brazilian coast and has geographical coordinates {-5.7, -28.7}, which 
made the presented results more transparent. 

 
Figure 7. World tour Magalhaes  

3.5.2 Capital cities of Europe 

Regional geography is often discussed in teaching high school geography. Students gradually 
become acquainted with individual continents, states or even regions within individual states. Using 
Mathematica's procedures and functions, we introduce some nice tasks that we can use to teach.  

The figure below lists the commands that make up the list of European countries along with their 
capitals. 
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Figure  8. List of Capital City in Europe , commands in Mathematica 

3.5.3 The shortest way 
An interesting task that can be used to diversify the teaching of regional geography is to give pupils a 
task in which the pupils should draw the position of the capitals of individual European countries in a 
blind map. This task is followed by the second part of the task, in which students should link these 
capitals with the shortest possible line. 

This task can also be translated into everyday life. Imagine that we want to visit all the capitals of 
Europe. Our task would be to plan a trip in such a way that we travel as few kilometers as possible 
while traveling. 

Tungsten offers a special feature for this application (FindShortestPath []), which selects the shortest 
distance between each point. For example, this method can be found in graph theory in teaching 
discrete mathematics. The program can also measure the total distance traveled. Among the capitals 
of Europe, it reaches 22,664.4 km. 

To diversify the teaching, we have created the shortest route between all the above cities using 
program resources. This was a really interesting surprise for the students. A similar shortest path can 
be created among several chosen cities. 

 
Figure 9. The Shortest route to the capitals of Europe 

3.5.4 Capital, flag and population of the state 
It is often important for the study of regions to know their location within a particular territory. If we 
come across a blind map, it is a good idea to remember some territories by location or by using the 
shape of the national territory defined by the country boundary. 

For example, we used data across Europe again. The following application will enable students to 
prepare for a blind map test. We'll find a drop-down list containing the country names here. Outside 
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the map showing the territory, we find the flag, capital and population of the state. There is again the 
problem described above (Spitsbergen, administratively under the Kingdom of Norway). Therefore, the 
flag of Svalbard is the same as the Norwegian national flag. In the classroom, there are often students 
who try to remember the flags of the countries of the world. This program could be almost ideal for 
them. The application will be rendered in the attachment only after all commands have been executed. 
In this example, we use the function (Manipulate []) again. We work with the state as an entity, so we 
use commands (Entity []), (EntityList []), and so on. 

 
Figure 10. Basic information about the country( Switzerland ) 

4 CONCLUSIONS 
In this paper we described the possibilities of improving the teaching of geography using Mathematica. 
We only studied the introductory possibilities of this program. We have deliberately not addressed the 
program's access to large databases that store basic geographic data, populations in individual 
regions, or, for example, the weather time series in individual locations around the world, earthquake 
information, and so on. 

One of the great advantages of working with Mathematica is that it integrates basic and advanced 
mathematical methods directly. This apparatus plays a very important role, for example, in data 
processing using mathematical statistics, in exploring the mathematical nature of issues not only from 
geography. The latest versions of the program are increasingly becoming the point of intersection of 
basic scientific disciplines - mathematics, physics, biology, chemistry, geography, linguistics, etc. 

The teacher can prepare a wide range of materials for teaching, ranging from practical maps of maps, 
blind maps, tests that students solve to appropriately formulated questions to expand students' 
knowledge. Processing of interactive aids is very suitable. In our paper, we discussed such 
possibilities - we used Manipulation [] to allow the reader to respond. 

All parts of the article are also created as basic program documents, it is as .nb files as well as 
Demonstration files, which are stored on the server and can be used by the student at any time. That 
is the great strength of Mathematica. [4] 
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