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Abstract 
The Geobrary project is an application for mobile devices (smartphones, tablets) and computers, 
available for Android or Apple iOS operating systems (iPhone, iPad). Its purpose is to gather comfortably 
and straightforwardly the information that can be used by teachers and students of Geology from any 
educational field. The app provides at the present-day stage of development, a series of basic 
knowledge applicable to the study and observation in different areas of Geology, especially in the fields 
of Paleontology and Mineralogy. This tool has been designed to help with the identification of common 
fossils and minerals in hand samples, by using simple dichotomous keys. It also features primary related 
to Palaeontology and Mineralogy, such as the idea of fossil, its types, forms of life and processes of 
fossilisation and states of conservation, or the definition of a mineral, classification system and 
occurrences. Also, the app enables access to remote multimedia databases and image galleries, and it 
includes a compiled glossary of terms and valuable tools useful in other areas of Geology, such as 
Stratigraphy, Sedimentology or Petrology. These areas of expertise still need to be completed in a future 
stage and will be a part of a new app version. Thus, this interactive educational resource can enhance 
the role of mobile learning in the education of the Geology in the broadest sense. 

Keywords: Educational mobile application, mobile learning, constructivist learning, Mineralogy, 
Paleontology. 

1 INTRODUCTION  
Today, the overwhelming majority of users connect to the Internet through their smartphones or 
electronic devices. Mobile devices are generally used more for leisure or entertainment than for 
educational purposes, and formal education systems often tend to prohibit or discourage their use in the 
classroom on the assumption that they involve a distraction for the student and a disorder for the 
development of the class. But this is changing in recent times. The progress of psychopedagogical 
projects and innovative educational proposals promotes mobile technology as a useful tool for active 
science learning [1]. Indeed, smartphones and, more recently, tablets, are increasingly used by 
students, who are more accustomed to dealing with mobile technologies for accessing information on 
the web. 

Mobile learning or m-learning is becoming an emerging teaching and learning method that allows 
students and teachers to create new educational environments. M-learning facilitates the construction 
of knowledge, the resolution of problems and the development of a range of skills and abilities [2]. Some 
unique advantages of mobile learning are the following [3]: a) the data are easily accessible at any time 
and anywhere (ubiquitous learning); b) it enables students to learn at their own pace (personalised 
learning), and c) it promotes student motivation. 

During the last decades, abundant digital support materials, computer platforms and software 
applications have been developed in Spanish universities to enhance the learning of Earth Sciences in 
different educational levels (e.g. [4]; [5]); [6]; [7]; [8]; [9])   including studies focused on dissemination of 
scientific collections on the internet through virtual exhibitions (e.g. [10]; 11]).  

Currently, most of the Geology apps try to teach elements of our geological heritage through geo-
itineraries or urban routes (e.g. [12]; [10]). However, the development of specific apps is not yet 
widespread in the field of geoscience education, despite the learning opportunities they can offer in both 
the classroom and the laboratory [14]. Moreover, these tools can also be used to improve the students' 
performance during field trips, owing to the ubiquity of mobile devices.  

The Geobrary app was developed to help undergraduate students in Geology and any other people 
interested to learn how to identify common minerals and fossils by visual inspection, quickly and easily. 
Also, this tool was intended to enhance and project the geological heritage of Huelva University (Spain). 
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2 METHODOLOGY 
The samples of minerals and fossils selected for this purpose come from the collections of the Earth 
Sciences Department at Huelva University, and they usually are used to assist teaching in practical 
sessions, together with other valuable pieces that can be seen in the virtual museums of Mineralogy 
(www.uhu.es/museovirtualdemineralogia) and Paleontology  
(www.uhu.es/museovirtualpaleontologia) of such University. 

The electronic resources and digital contents traditionally used as teaching materials for the visual 
recognition of minerals and fossils were simplified to adapt them to mobile devices with small screens 
and limited options to include supplementary information, by providing numerous tables and schemes 
and user-friendly context menus with necessary but relevant information instead. It was also designed 
a system of steps by which the user may pass from one level of information to the next. 

Dichotomous keys were implemented in a parameterised way so that a defined data structure supports 
each dichotomous table. All this allows us to us to quickly create tables and add or remove options 
without implementing new code or creating new screens, just by modifying the data source.The small 
size of the screens of mobile devices and the peculiar methods of introducing information are often 
considered a disadvantage for their use in teaching. Therefore, selected mineral and fossil specimens 
were digitalised with appropriate file size for storage and faster loading, and then conveniently edited to 
provide an attractive image. The full-screen image viewer was redesigned several times to find an 
acceptable solution. Thus, selecting the display mode, the user can focus on the image and use the 
zoom functionality to see all the details.The images were optimised to adjust the display parameters to 
their minimum size, without altering their quality. A 70-75% reduction in the weight of the pictures, which 
are all in jpg format, was achieved thus reducing the app’s memory size. 

The app was built using the Ionic platform (http://ionicframework.com), which is a free, open-source tool 
for the development of hybrid mobile applications based on web technologies such as HTML5, CSS and 
JS. It relies on AngularJS (https://angularjs.org), a JavaScript framework maintained by Google for web 
page development, and runs on Apache Cordova (https://cordova.apache.org) and PhoneGap 
(https://phonegap.com). 

Hybrid development combines the advantages of native app development with the benefits (speed and 
agility) of web development technologies. The needs and characteristics of Geobrary® fit with the 
functionalities and resources provided by modern technologies that are supported by great companies 
(Google, Adobe) and very active communities of users and developers. 

3 RESULTS 
The design of the interface was optimised to be used on a mobile device so that the contextual menus 
are appropriately arranged, allowing navigation through basic hand and fingers gestures. In this way, 
the use of the application gets more accessible, faster and more intuitive. 

The content and structure of the application (sections, menus, etc.) are defined in a plain text file. When 
configuring information, we have opted for simplicity, providing intuitive, organised and systematic 
access to digital content, with the inclusion of images and texts hyperlinked to multimedia databases. In 
this way, it makes it possible to include and consult texts and images with a high degree of interactivity. 

3.1 Structuring digital content and operation 
The app dynamically generates screens and sections according to a given configuration. The home 
page or main menu displays a list of buttons that provide access to different parts or subsections (Fig. 
1).  
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Figure 1. Main sections of the application. 

The first section is called THEMATIC AREAS, and is subdivided into PALEONTOLOGY and 
MINERALOGY (Fig. 2), which in turn gives access to general information on the types of fossils and 
mineral classes, respectively, and about the processes of fossilisation, mineralisation and deposits, 
among other basic concepts (Fig. 3A-F). There are also links to the websites of the Virtual Museums of 
Paleontology and Mineralogy of the University of Huelva. 

 
Figure 2. Subdivision of the Thematic Areas and links to the Virtual Museums  

of Paleontology and Mineralogy of the University of Huelva. 
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Figure 3. Subsections belonging to the general information sections on Paleontology and Mineralogy. 

In the second section, called GUIDES, the user can find the guide or guideline document for the 
construction of a stratigraphic column, and for the identification of hand specimen minerals from their 
determinative properties (Fig. 4 A-B). 

 
Figure 4. Subsections of section GUIDELINES. 
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The third section, called IDENTIFICATION OF FOSSILS AND MINERALS, allows the visual recognition 
of different groups of fossils or minerals species by using a dichotomous key. This tool was designed to 
facilitate the identification, in a straightforward way, of the main groups of invertebrates (11 large groups 
or classes), vertebrates (15 phyla) and fossil plants (6 large groups), as well as the identification of about 
70 species and varieties of relatively common minerals 

3.1.1 Identification of fossils  
For fossils identification, the guided search is carried out in a step-wise manner using a dichotomous key 
based on morphological criteria (size, the composition of the shell or skeleton and symmetry). Thus, the 
user arrives at a field where there is a card describing the general characteristics of the Phyla, Class or 
Order, with the most notable morphological features being illustrated with allusive images or schemes (Fig. 
5). The user must press the FOSSIL button and then choose between three options: Invertebrates (smaller 
or larger than 1 cm), Vertebrates or Vegetal Remains. Once inside, another button can be selected to 
move to a new screen where the user can choose among various options depending on the type of fossil, 
either by the presence of internal structures, the form of presentation (isolated or colonial), the composition 
of the shell, articulation of parts or not, macroscopic shape, etc. 
A link to the photo gallery of the Virtual Museum of Paleontology of the University of Huelva is also available 
to help with identifications. 

 
Figure 5. Procedure guided by the use of a dichotomous table for the identification  

of a fossil belonging to trilobites. 

0604



3.1.2 Identification of minerals  
In the process of identifying minerals, the construction of the dichotomous key was based on the 
following principles: 1) a detailed description of each specimen; 2) the choice of a classification criterion, 
i.e. a precise and permanent physical or chemical property that provides clues for mineral determination; 
and 3) a simple di- or tricotomic arrangement, which allows easy identification of the mineral.  

By clicking the button MINERALS (Fig. 5), first, the user is asked for the type of lustre. If the mineral has 
a metallic or submetallic lustre, then he/she should decide the mineral colour and the streak colour by 
rubbing the specimen across a plate of unglazed porcelain. Based on these light-dependent properties, 
it is possible to identify some metallic minerals, but it will often be necessary to continue determining 
further properties in successive screens. For non-metallic minerals, the user is asked to determine 
distinctive physical features like colour, crystal morphology or habit, hardness, specific gravity, cleavage, 
etc. until the final result is obtained. 

Finally, a representative image of the mineral resulting from the guided search is shown as well as a 
link to the largest mineral database on the internet (www.mindat.org). A guide with the determining 
properties of the most common minerals is presented to facilitate the use of mineral identification keys. 
For this reason, includes abundant photographs and a brief description of their typical characteristics in 
manual samples (Fig. 6). 

 
Figure 6. Procedure guided for the dichotomous identification of a mineral, in this case, native gold. 
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In the last section, called TOOLS, a series of resources of geological interest are made available to the 
user.  In this way, the following are included: the international chronostratigraphic table, useful graphs 
for determining grain size, sorting, sphericity and angularity of the particles and rock fragments, a 
comparison chart for estimating volume percentages of constituents in rocks, and the Streckeisen 
ternary diagrams used to classify igneous rocks in terms of their mineral composition (Fig. 7A-E). 

 
Figure 7. Subsections of TOOLS section. 

Finally, a glossary of geological terms used on this app is available in the toolbar of the start menu (Fig. 
8A). 

 
Figure 8. Glossary of geological terms. 

0606



4 CONCLUSIONS 
Geobrary is an educational application developed for mobile devices (smartphones and tablets), 
available for free download via Google Play and the Apple App Store, which features basic information 
about Paleontology and Mineralogy, including practical and interactive guides to identify common 
minerals and fossils by visual inspection, among other educational resources. This tool provides training 
in the skills of observing, describing and comparing hand specimens, and may contribute to a 
constructivist learning environment based on a hierarchical decision-maker process using dichotomous 
keys. 
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