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Abstract 
Virtual worlds can support the teaching and learning of natural sciences (such as chemistry, biology 
and physics) by simulating various phenomena that occur on a microscopic scale and are usually 
difficult for students to understand. They can also support teaching and learning through the 
representation of processes and experiments that occur in the macroscopic dimension, but which can 
be risky in execution, costly, difficult to observe, among other simulation possibilities. In this context, 
this paper aims to present a virtual world created in the OpenSim environment, where virtual labs were 
built for the learning of Natural Sciences, of elementary school students. 

Three virtual laboratories were created, one in each region in the OpenSim virtual world. In these 
laboratories, different subjects related to the study of the Sciences of Nature were contemplated. In 
each of the three laboratories, there are simulations and multimedia resources available for interaction 
(videos, texts, presentations, images, questions, and links) that complement the activities developed in 
the classroom. The contents selected and addressed in the three laboratories of the virtual world 
make up the annual curriculum of Natural Sciences of the sixth year of elementary school in a 
Brazilian public school. 

Students of this series used the virtual world and the evaluation was carried out through usability 
evaluation questionnaires, through which it was possible to know the acceptance and contribution of 
the virtual world to the learning of the Natural Sciences. 
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1 INTRODUCTION 
The Science area encompasses an exciting field of research to be explored using 3D simulation 
environments and tools, since this area is characterized by covering several teaching topics involving 
the exposition of simulations of chemical and physical phenomena. Such simulations can often not be 
seen in the real world because of the microscopic nature of matter, which opens up the possibility for 
these phenomena to be portrayed in 3D environments. 

This article presents a virtual world (VW) developed to teach natural sciences. The VW was developed 
using OpenSim platform to complement the teaching and learning processes of natural sciences in 
fundamental education of Brazilian schools, especially to attend students with sixth year of this level of 
education. In this article we present some aspects of elementary education in Brazil, some notes on 
how VW can contribute to teach natural sciences, as well as present the developed VW and the virtual 
laboratories of sciences that constitute it.    

2 STRUCTURE AND EXPECTATIONS OF BRAZILIAN FUNDAMENTAL 
TEACHING 

Basic education in Brazil consists of Child Education (Kindergarten), Elementary Education and 
Secondary Education. The compulsory and free primary education in Brazil lasts for nine years, is 
organized and delivered in two phases: first in the initial five (5) years and the second in the final four 
(4) years [1]. 
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The primary school curriculum has a common national base, supplemented by each school system by 
a diversified part in each school system. The common national basis and the diversified part of the 
core curriculum constitute an integrated block and cannot be considered as two distinct blocks. 

The systematized contents that are part of the curriculum are denominated curricular components, 
which, in turn, are articulated to the areas of knowledge, among them, nature sciences [2]. 

The National Curricular Parameters (PCN) propose knowledge based on their social importance, 
meaning for students and scientific and technological relevance, organizing them in thematic axes 
"Life and Environment", "Human Being and Health", "Technology and Society" and "Earth and 
Universe". 

Learning should be proposed in order to provide students with the development of an understanding of 
the world that gives students the conditions to continually gather and process information, develop 
their communication, assess situations, make decisions, act positively and critically in their social 
environment [2].  

Increasingly cultural language includes the use of various technological resources to produce 
communicative processes, using different ways of meaning (new ways of expressing oneself and 
relating oneself). Information and communication technologies (ICTs), besides of being information 
vehicles, they enable new ways of ordering human experience, with multiple reflexes, particularly in 
human cognition and acting on the environment and on oneself. The use of ICT in education, besides 
of allowing new ways of communication, generates new ways of producing knowledge [2]. 

The adoption of ICT in education allows learning to take place in different places and by different 
means. Therefore, more and more capacities to create, innovate, imagine, question, find solutions and 
make decisions with autonomy assume importance. The school has an important role to play in 
contributing the formation of active individuals and agents who create new cultural ways. 

ICT offers alternatives for distance education, which enables continuous training, cooperative and 
interactive work. They can be important tools to develop cooperative work that allows updating of 
knowledge, socialization of experiences and lifelong learning. 

Computer in particular allows new ways of working, enabling the creation of virtual learning 
environments (AVA) in which students can research, anticipate and simulate, confirm previous ideas, 
experiment, create solutions and construct new ways of mental representation, in addition to providing 
interaction with other individuals and communities, through technological devices [2].  

3 VIRTUAL WORLDS CONTRIBUTIONS TO THE TEACHING OF NATURAL 
SCIENCES  

The adoption of ICT in education has provided the use of blended learning, which consists of a hybrid 
way of teaching that seeks to combine the existing advantages in distance education and the 
advantages of classroom activities[3]. 

In distance education is recurrent the adoption of AVA, which, in a hybrid context of learning, can 
provide the complementation of activities proposed in the classroom. In particular, among these AVA 
are the VW. 

Virtual worlds can be defined as persistent, computer-generated virtual environments in which people 
can interact, whether for work or leisure, in a way comparable to the real world [4]. They can be 
explored in first or third person through a graphical representation called avatar. Interactions in the 
environment can be with three-dimensional objects, multimedia resources, as well as can be 
communication with other participants in the environment.  

These environments allow the inclusion and practice of activities to raise experiential learning through 
simulations, modeling of complex scenarios, among other possibilities [5].  

Through a virtual world (VW), it is possible to provide three-dimensional environments that allow the 
representation and simulation of spaces and phenomena occurring in the real world, in an interactive 
context. When developed in an educational context, a virtual world can broaden the space for 
interaction, communication, and experimentation by providing to the students - users of the virtual 
world - with the expansion of learning opportunities in time and space that can be established by the 
student. With these characteristics, a VW is a potential virtual laboratory of educational experiences. 
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Chang and Law [6] explain that the use of simulations in virtual worlds has several characteristics 
particularly useful to the teaching of sciences, physics, chemistry and biology. In particular, for science 
teaching and learning, virtual laboratories can be an alternative to school laboratories. In this context, 
virtual laboratories have advantages over conventional laboratories, among them, the possibility of 
repeating experiments with or without changing variables; simulation of experimental activities that 
would require reagents that would pose a risk in their manipulation, because they are toxic or 
flammable; non-production of chemical waste; among others. 

Virtual worlds also provide some observations and "experiments" that can only be observed through 
simulations, because they involve phenomena of microscopic dimension, not observable in the 
laboratory, as the macroscopic phenomena. For the teaching and learning of natural sciences, the 
simulations can contribute to the observation and understanding of the microscopic phenomena.  

The simulations create scenarios that give the student the opportunity to elaborate meanings, 
combining different ways of representation and action, which can trigger the process of meaning 
production. In the circumstances in which the attention of the student is mobilized by a simulation of a 
phenomenon, the control over variables in the VW can be exercised in order to observe regularities, 
establish premises, make predictions, or even visual representation of the simulated phenomenon can 
serve as reference to student to elaborate explanations related to the phenomenon observed [7]. 

Simulations can provide intermediations that allow relating macroscopic and microscopic phenomena 
in a theoretical construction that does not always find empirical support for measurements. It is in the 
simulation environment that stimulating scenarios can be formed for the creation of mental 
representations by the subject, who then recognizes in the models then simulated an intermediate 
instance between their internal representations and the external representations of the phenomenon 
[7]. In addition to these characteristics, virtual laboratories constitute learning spaces that provide the 
extension of educational activities beyond the walls of the school, since they enable students to 
conduct experiments, from any location, at any time and at a reduced cost.  

From these characteristics and possibilities provided by VW, virtual laboratories were developed for 
the teaching of natural sciences - Chemistry and Biology - for elementary school students. This article 
describes these laboratories constructed in VW, in which different types of experiments can be done, 
as well as access multimedia resources that have been inserted in the environment to complement the 
resources present in these laboratories. 

4 METHODOLOGY 
This article presents three virtual laboratories for teaching natural sciences that were created to 
complement the teaching and learning processes in natural sciences, attending curriculum 
orientations for the basic education of Brazilian schools, and the thematic axes "Life and 
Environment", "Human Being and Health", "Technology and Society" and "Earth and Universe", 
proposed by the PCN [2]. 

It was used OpenSim version 0.8.2.1 environment for construction of virtual laboratories. In addition to 
the simulations, various types of multimedia resources such as videos, images, texts, slides and links 
were inserted. Singularity version 1.8.7 was the viewer used, because it allows the insertion of 
different types of media separately in the virtual world. 

The construction of the virtual laboratory was actively followed in the elaboration and construction of 
the simulations referring to the contents approached by the teacher of that subject, thus seeking to 
assure a degree of reality similar to the real world and the correct representation of the experiments. 

The contents selected are part of the curriculum of Brazilian elementary education, all contents of the 
two semesters that make up the sixth grade of elementary school were represented digitally in VW 
through simulations, videos, slides, text, images, and multiple choice questions. The VW was used by 
students of 6th year of elementary school, of a Brazilian public school, in reverse shift to regular 
classes, as a complementary activity. 

5 VIRTUAL LABORATORY OF NATURAL SCIENCES 
To carry out the activities, the VW was planned and built. Two regions were created in OpenSim, in 
which two laboratories were arranged in one region and one laboratory in the other region (Fig. 1), 
thus totaling three laboratories built in the virtual world.   
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Figure 1. Entrance of one of the virtual laboratories. 

In each region an avatar center has been made available, which is where users can choose different 
types of clothing to customize their avatar. In this way, each participant has the possibility to create 
their own style and customize their character according to their preferences. 

The contents of natural science covered in the VW are: Constitution of matter: atoms and molecules, 
physical and chemical phenomena, energy sources; Soil: importance, components, formation, types 
and erosion; Soil and health: pollution and diseases; Water: importance, composition, properties; 
Water: Physical States, water cycle; Purification and Treatment of Water and Sewage; Water and 
health: pollution and diseases; Ecology: Levels; Chains and Food Webs; Ecological Relations; 
Balance and Imbalance. 

The distribution of these curricular contents in the three virtual laboratories that compose the VW are 
presented in Table 1. 

Table 1.  Natural Sciences Content addressed in virtual labs. 

Environment Curriculum Contents 

Virtual Laboratory 1 Constitution of matter: atoms and molecules 
Physical and chemical phenomena  
Energy sources 

Virtual Laboratory 2 Soil: importance, components, formation, types and erosion 
Soil and health: pollution and diseases 
Water: importance, composition, properties 
Water: Physical States, water cycle 

Virtual Laboratory 3 Purification and Treatment of Water and Sewers 
Water and health: pollution and diseases 
Ecology: Levels 
Chains and Food Webs; Ecological Relations; Balance and 
Imbalance. 

The three laboratories have the same structure of composition of the activities to be carried out by the 
students, being constituted by 5 (five) divisions: video room; Slide room; Room of texts, room of 
questions, and, room of practical activities. The path to be covered by the user, as well as the 
sequence of exploited resources, is not previously defined. The student is free to go through the 
pedagogical path of his/her preference, granting autonomy in learning. 

In the video room, selected tutorials of YouTube channel were available to be assessed directly in the 
VW, without the need to leave the environment, with this we aim to provide a higher level of 
interactivity and immersion (Fig 2).  
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Figure 2. Video room: avatars watching a video about water treatment. 

The slide room in each of the virtual labs contained presentations in the same exposure format used in 
presentation editors, such as Power Point (Fig. 3). These presentations were designed to provide 
theoretical input on the topics of Natural Sciences covered in this VW. The text room contains several 
articles selected for reading, and its mode of operation and visualization is similar to the resources 
used in the slide room (Fig. 4).  

 
Figure 3. Slide room: avatar reading content on physical and chemical properties directly in the virtual 

world. 

 
Figure 4. Text room: avatar reading content about water cycle. 
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In the question room, multiple choice and short answer questions were provided to be answered by 
the students (Fig. 5). In order to answer them, the student selects the option that he deems correct, 
and after comparing the correct answer with the response entered by the user, the user receives the 
feedback from his answer. The activities of this room are intended to encourage the practice of 
curricular contents for subsequent evaluations. 

 
Figure 5. Question Room: avatar answering multiple choice questions about water cycle. 

In each of the three virtual labs there are also rooms for practical activities. In these rooms it is 
possible to carry out experiments through the simulations created in VW. In order to study water cycle 
(Fig. 8), there are simulations on the water molecule, chemical and physical properties of water (Fig. 
6), simulations for the study of atoms and molecules (Fig. 7), study of energy sources (Fig. 9), among 
others. 

 
Figure 6. Simulations on water molecule. 
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Figure 7. Simulation for the study of atoms and molecules. 

 
Figure 8. Water cycle simulation. 

 
Figure 9. Simulation on energy sources. 

Some simulations are presented in a static way, in which the user clicks a button to receive 
information about that experiment that is visualizing, and other simulations are animated, in which the 
user "click" the button to start the experiment, a series of actions pre-defined occur in order to 
demonstrate the phenomenon in a practical way. 
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The interaction of an avatar with some simulations involving the study of atomic structure, physical 
state of the substances, change of the physical state of the substances, properties of gases, ozone 
layer degradation, atmospheric pressure and layers of the atmosphere can be viewed through the 
links:  

• <https://www.youtube.com/watch?v=jvkYLGYFoxQ&t=210s>  

• <https://www.youtube.com/watch?v=NhMyToI2Kzk>. 

6 FINAL CONSIDERATIONS 
The increasing use of technological resources in educational environment has provided the 
experimentation of new pedagogical strategies and the use of AVA to support the learning process of 
students. In this context, VW can be understood as a way to support and complement the curricular 
content addressed in the classroom or at a distance. 

Therefore, this article presented the development of a VW composed of three virtual laboratories 
created to assist in the teaching of natural science, for a 6th year of Elementary School in a Brazilian 
public school, in OpenSim. Different types of experiments were developed in the virtual laboratories 
through simulations, as well as several multimedia resources were inserted to theoretically support the 
curricular contents developed, either as support materials or as exercises, complementing the 
resources present in these laboratories.  

In addition to what was described in this article, the activities carried out by each user (student) in this 
VW were recorded. In order to do so, the virtual laboratories constructed have monitoring resources 
that are not visible to the students, so as not to interfere in the interaction of the students in the VW. 

Through this resource were stored the daily time that each user was interacting in each room of the 
virtual laboratories and what type of action was performed. In addition, monitoring features analysed 
five different types of interactions of each student (writing, absentee, flying, walking, or stationary), and 
the total time per day each avatar was stored in each of these positions. 

More detailed information about student interaction was also recorded, identifying which VW objects 
he interacted with. The purpose of these records was to provide the teacher with a detailed view of 
how each student interacted with the VW and what kinds of actions were taken.  
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