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Abstract

We know that physics is a difficult subject for many students to understand. From this observation,
several studies have been performed to investigate the causes and possible solutions to this
problem. Among the numerous existing lines of study, we find investigations on the use of Infor-
mation and Communication Technologies (ICT). Based on Vygotsky’s theory, we developed a Vir-
tual Environment for Teaching and Learning (VETL) to foster interaction and collaborative parti-
cipation among students, and between them and the teacher, to solve problems in physics. We
seek to present in this paper how teacher mediations should be conducted in this environment in
order to foster collaborative interactions and thus facilitate the internalization of scientific con-
cepts by students. We found that students have an expectation as to the participation of the teach-
er in the environment, and as a consequence the teacher should seek to virtually interact with all
groups, even those who have managed to solve the problem by themselves, at least to communi-
cate to the students if they solved it correctly.
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1. Introduction

With the growing development of Information and Communication Technologies (ICT), in particular with the
popularization of computers, smartphones and the Internet, the school environment is being challenged to inno-
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vate and to promote quality education mediated by the latest technological features, especially the Virtual
Learning Environments (VLE) and the Virtual Environments for Teaching and Learning (VETL). The VETL
denomination concerns broader environments than the VLE, as they integrate the actions of teaching that are
fundamental to learning, i.e., they take into account the role of the teacher in organizing, planning, implementing
and evaluating educational activities on the environment (Nardin, Fruet, & Bastos, 2009). The VETL support
distance education, be it fully or partially online, as they present characteristics such as connectivity and hyper-
text navigation interface, and also integrate, in a single environment, tools of hypermedia, activity and commu-
nication (which can be synchronous, such as chat rooms, and asynchronous, like forums), that favor and pro-
mote, in particular, the interaction among students and between them and the teacher.

Based on the potential of such an environment, we developed a VETL for teaching physics, called Colla-
borative Learning Laboratory of Physics (LAFIS, for its acronym in Portuguese), freely available at
http://www.lafis.ufms.br (Mello & Gobara, 2013h). We sought to ground our efforts on a theoretical framework
of learning for the design and development of this environment as well as for the analysis of the classes held, to
evaluate it as a supportive environment for collaborative learning. Basically, LAFIS presents two environments,
identified as virtual laboratories. These laboratories were structured to promote collaborative interactions be-
tween the individuals involved in an educational system comprising the students, the teacher and the problems to
be solved.

For the evaluation, we developed a survey aimed at identifying how this VETL could be used, as well as po-
tential difficulties for students, through the analysis of the interactions between them, the computer and the
teacher, based on Vygotsky’s™ theory. To achieve this goal, we initially performed a step called “pilot phase” and
subsequently evaluated the use of LAFIS during the development of some didactic sequences, through which we
tried to learn the extent to which the argumentations that take place in the environment and the consistency of
the sequence should be guided, so that the environment can foster the learning of concepts of physics.

The results we obtained during the pilot stage of our research were encouraging. This testing of LAFIS was
held primarily to identify and correct errors in the presentation and programming of the environment (Mello &
Gobara, 2013a). In addition to these corrections, we found that the interaction between students would necessar-
ily happen if the problem was proposed in such a way that its solution depended on the help of a colleague.
Therefore, we restructured LAFIS so that certain elements fundamental to the solution were initially available to
just one of the students, with the possibility of “teleporting” them to the other lab.

Still in the “pilot phase”, we proposed to the students a problem that contained a link to a simulation of
PhET® (2014) regarding periodic waves on a string. Students had to set up the simulation according to the pa-
rameters presented in the statement of the problem and could interact with each other to identify quantities such
as wavelength, amplitude, period, frequency and speed of propagation of the wave (Mello & Gobara, 2013b).
We found that LAFIS favored the collaborative interaction among the students investigated, since 78% of the
solutions posted in the chat originated from collaborative interactions among students or between them and the
teacher. Furthermore, in the written evaluation applied after the VETL class, students solved problems they
could previously only solve with the help of peers or the teacher, evidencing the potential of using this environ-
ment, in association with the developed instructional sequence and the teaching procedures, for learning and
hence for the development of students.

In this article, in particular, we present theoretical and practical orientations for teachers who may come to use
LAFIS in their pedagogical practice, so that they can take advantage of the environment’s potential and also
submit it for evaluation in other social contexts.

Initially, we present the theoretical framework of learning that served as a basis for the development of
LAFIS and the analysis of the lessons mediated by it. We then seek to explain the dynamics of the environment,
its tools and how to register problems in it. Afterwards we present some guidance as to the formation of students’
groups to solve problems, taking into account their learning level. Finally, we suggest the teacher some ways to
interact in the classroom, based on the experiences already carried out on this environment in the schools we in-
vestigated.

2. Theoretical Framework for Learning and the Teaching Practice Mediated by
VETL

The development of LAFIS and the analysis of classes held on it were based on the ideas of VVygotsky (2007,
With the exception of one of the references in this work, which uses the spelling “Vigotskii”, we will refer to the author using the spelling
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2008), a theorist of learning for whom students’ collaboration, among themselves or between them and the
teacher, is essential for the development of skills and strategies fundamental for the solution of problems. Vy-
gotsky’s theory assumes that learning is enhanced when it acts in the so-called Zone of Proximal Development
(ZPD) of the learner. To explain the concept of ZPD, Vygotsky defined two levels of human development: the
Actual Development Level (ADL), which corresponds to psychic functions already developed (skills and know-
ledge that have been internalized by the student) and is estimated by that which the person performs alone,
without cooperation, thus being, at least theoretically, “measurable” by individual tests; and the Level of Poten-
tial Development (LPD), determined by problem solving under adult guidance or in collaboration with team-
mates who have already developed such skills.

The ZPD is an intermediate level of development, in which the student can solve certain problems only with
the mediation of another person. Once the concepts associated with the resolution of these problems are interna-
lized by the subject, he will be able to solve them irrespective of aid. In this case, there will be an increase in the
Actual Development Level of the learner, which for Vygotsky demonstrates that learning can precede and leve-
rage development.

Figure 1 shows a schematic representation of the levels of development and the ZPD.

As we can see, the movement described, starting from the student’s ADL and working in their ZPD to even-
tually arrive at a new ADL, shows that for Vygostky the learning process is dynamic and dialectical. But how
can teachers apply the fundamentals of Vygostky’s cultural-historical theory in their teaching? Gasparin (2009)
sought to answer this question by presenting a didactic proposal whose theoretic-methodological foundation is
historical-dialectical materialism.

Basically, the teachers must perform their work starting from the social practice of the student, i.e., the identi-
fication of (spontaneous) concepts found in his ADL. Then they should work with theoretical abstraction, pre-
senting to the student the scientific concepts they want to teach, always trying to work within the student’s ZPD.
Finally, they return to the new social practice of the individual, assessing whether or not the student internalized
the concepts which were studied. If there was (even partial) learning, according to the assumptions of Vygots-
kian theory, it is considered that the learner’s ADL was reconfigured. From this point on the teacher can work
with new concepts, since Vigotskii (2010) states that, from the point of view of the students’ overall develop-
ment, it is ineffective to want to teach them what they already know, i.e., knowledge that is already in their ADL.
However, if after class the teacher comes to the conclusion that there has been no learning yet, or that there was
only partial learning, she should continue to work in the students’ ADL, providing new mediations, encouraging
new interactions and proposing new assessments to identify if the student can already do independently what he
could previously do only with assistance (ZPD).

We tried to use LAFIS in the classroom based on these theoretical and methodological orientations, thus
seeking to promote collaborative interactions among the students. Roschelle & Teasley (1996) make a distinc-
tion between cooperation and collaboration. Cooperation is characterized by division of labor among the partic-
ipants, i.e., it is an activity in which each person is responsible for part of the resolution of the problem in ques-
tion. Collaboration involves the coordinated efforts of all group participants in order to solve the problem to-
gether. We designed LAFIS aiming to promote collaborative interactions in its environment. We know that this
depends on how students interact with each other while solving the problem, but we believe that teacher media-
tion can direct the group’s actions so that the work will be collaborative in nature.

3. Structure and Operation of the Virtual Environment for Teaching and Learning

LAFIS was designed to promote the virtual interaction of students with one another and with the teacher through
the chat room available on the environment. The program consists of two environments, identified as virtual la-
boratories. The information exchanged between the students and between them and the teacher is stored in a da-
tabase. The teacher may in turn register problems on the environment or use the problems previously registered
in the questions database.

Figure 2 shows the screen of the “Questions Database”, available in the teacher’s restricted area. There the
teacher can disable or enable a problem for the students to solve, exclude problems, edit them (as long as they
have not been registered by another teacher), and form groups of students to solve them, or mediate the students’
groups synchronously or asynchronously.

After choosing the problem to be solved by the class, the teacher should form groups of students, who will
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Figure 1. Schematic representation of the Zone of Proximal
Development (Silva, 2009, p. 16).
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Figure 2. “Questions Database” screen, available to teachers in their restricted area.

have access to different information distributed in the two virtual laboratories. To do so, she just clicks on the
group-forming icon of a given problem, as shown in Figure 2, selects the class for which the lesson will be held,
and finally selects in the presented list which students will be assigned to each laboratory.

In general, we suggest that students are grouped in pairs, so that each of them can be assigned to one of the
virtual laboratory environment. However, we know that it is possible for classes to have an odd number of stu-
dents. In such cases, one of the groups may have three students, two of them assigned to laboratory 1 and the
third one to laboratory 2.

To solve the proposed problem, the students must exchange the information distributed in each laboratory
between them. Each student must have access to only one of the laboratories. Thus, through collaborative inte-
ractions, the group will be able to virtually solve the problem.

Since this is a proposal grounded in Vygotsky’s theory, our thesis is that students’ learning can be enhanced
when there is an interdependent relationship in the interaction between the learners to solve certain problems
registered in LAFIS. To promote this interdependence we designed the environment so that certain elements,
such as figures, tables, graphs, or equations, are available for only one student at a time. Thus, when the student
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assigned to a given laboratory clicks on an element, she “beams” it to the other lab. In this way, students must
necessarily interact with each other so that the problem can be solved. Figure 3 shows an example of such a
problem, viewed by a student assigned to laboratory 1.

Note in Figure 3 that the student in laboratory 1 initially, has access to the figure (graph) required to solve the
problem. On the other hand, when the student in laboratory 2 opens her environment, she has access to a table,
that is also needed to solve the problem, as shown in Figure 4. In this particular problem we chose to make the
equation available for both students at the same time.

Note that the problem can only be solved if the students have access to both registered elements, i.e., the table
and the graph. However, to induce interaction among students, the graph is initially only available in laboratory
1, while the table can be found only in laboratory 2. As we have previously stated, students may exchange these
elements among themselves (by clicking on them) as often as deemed necessary to solve the problem. The
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fact is that, every time a student wishes to have access to an element of another laboratory, he must establish an
interaction with his partner, in order to ask for the element in question.

To propose such problems in the environment, we had to take into account some pedagogical aspects, as pre-
sented below.

4. Proposing Problems in LAFIS

LAFIS was based on the VELT called LEDVI, for the acronym in Portuguese of Virtual Interactive Educational
Laboratory (Silva & Gaobara, 2007). LEDVI also presents certain elements in only one of its laboratories, with
the possibility of them being teleported to the other one, and also allows virtual interaction among students.
LAFIS, in turn, provides the teacher with a functionality that was not yet present in LEDVI: the possibility of
inserting problems in the environment.

Although the registration of a problem in LAFIS is a relatively simple process, the teacher should consider the
following pedagogical aspects when proposing a problem in this environment:

1) Evaluate whether the physics concepts related to the problem can be found in the Actual Development
Level (ADL) or in the Zone of Proximal Development (ZPD) of the students;

2) Make certain elements (tables, figures, graphs, equations) available on only one of the laboratories. Make
sure the problem can only be solved by using these elements.

If the teacher deems necessary to make certain elements available in both laboratories, this can be done using
the “Attach Files” tool. We did that for the equation of frequency as a function of period, as shown in Figure 3
and Figure 4.

With regard to the identification of the students’ development level, the application of individual tests is a
way to evaluate whether certain concepts are already in their Actual Development Level (Vygotsky, 2007). If
the student can only solve the problems with assistance from a more experienced colleague, or even the teacher,
the conclusion, according to the adopted framework, is that these concepts are in the student’s Zone of Proximal
Development.

Therefore, LAFIS can be used both to identify the students’ development level and to provide new learning
situations. We will now present some suggestions for forming student groups in this environment, based on the
adopted theoretical framework and on the classes we have already held with LAFIS.

5. Group Composition in LAFIS

The teacher is free to form student groups that will solve the problems in the environment. Strictly speaking,
according to Vygotsky’s theory, the optimal groups are those formed by students with distinct development le-
vels, so that a learner may help her colleague solve problems. However, one should make sure that the problem
can actually be solved by the students, i.e., that the concepts to be internalized are part of their Level of Potential
Development.

Thus, we suggest that in forming the groups the teacher should:

1) Avoid forming groups in which the concepts are already on the ADL of both students, because, as noted by
Vygotsky, it is inefficient to try to teach what the student already knows.

2) Try to form groups considering that the concepts of the problem in question should be in the ADL of one of
the students and in the ZPD of the other. In such cases it is possible that the problem will be solved by the stu-
dents without the need of teacher mediation. Even so, we recommend that the teacher follows their interactions,
and that she signals that she is doing so to the students whenever possible.

3) Form groups in which the concepts are in the ZPD of both students. In these cases teacher mediation may
be essential to the full resolution of the problem.

As we can see, the individual application of a test before a class with LAFIS is essential to identify the stu-
dents’ spontaneous concepts and to verify if the necessary problem-solving concepts are already in their ADL.

Another key point is the application of an evaluation after the LAFIS class, since in this way the teacher can
identify if the environment interactions were actually collaborative, i.e., if they really leveraged the learning
processes arising from a coordinated effort by the students to solve the problem together. This evaluation can be
made in the environment itself, through the application of another problem. However, we have sought to make it
individually and out of the environment, because then we can more easily identify the individual progress of
each student. In particular, we try to see if the student went on to solve certain problems independently, without
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further need of the assistance of others, which suggests that he has advanced to a new Actual Development Lev-
el.

We present below some suggestions about how teachers who want to use LAFIS in their classes should be-
have in the environment. Such practices are part of the results we obtained applying LAFIS in two public school
classes in the city of Aquidauana-MS, Brazil.

6. The Pedagogical Practice Mediated by LAFIS

To mediate students we suggest that the teacher open a browser tab or window for each group to be mediated.
This way all groups can be tracked simultaneously. In theory, there is no limit to the number of groups formed
in the environment, depending on the amount of students that the teacher can mediate in the same class. In the
classes we run, we mediate an average of about twenty students, disposed in ten groups of two students each.

Because these lessons are of an interactive nature, we observe that they tend to require more time for their
execution. Therefore, when planning a lesson using LAFIS, the teacher should prepare it so that there will be
enough time for discussing the students’ answers, particularly when wrapping up the lesson, at which point the
teacher can ask whether the answers make sense phisically. The most effective mediation is not one in which the
teacher simply gives the problem’s answer to the students, but one in which she returns them the question, giv-
ing them tips but affording them the act of reflection that leads to the expected answer. It is by analyzing the
answers to her questions that the teacher can identify the students’ intellectual progress.

In this sense, paying close attention to the students’ answers is an important point to be observed in LAFIS. In
certain groups, for example, we note that both members agreed on the same answer (which was incorrect), and
in such cases teacher mediation was essential to differentiate between spontaneous concepts and scientific con-
cepts.

Another orientation arising from our practice with LAFIS is the need for mediation in all groups, without dis-
tinction. Even if a particular group develops the activity as expected, i.e., correctly reaches the solutions, the
teacher must also mediate it. We found in certain student groups that they miss the interactions with the teacher,
even if only to confirm that the answers are correct, as shown by the interactions in Box 1.

For virtual interactions to be satisfactory, the teacher should try to stay alert to the possibility that the students
are merely posting the answers correctly, instead of actually interacting and discussing the results. In this way he
can promote more effective interactions within groups, especially those in which only one of the students might
be posting the answers in the environment. The teacher should direct students to the proposed activity, since, as
much as in traditional classrooms, virtual interactions are also prone to the so-called “side conversation”.

Another interesting aspect of this environment is the ability to identify spontaneous concepts of the students.
In several classes we found that many of them, even after studying with the teacher the scientific concept of
wave amplitude, still had a fairly common concept that the amplitude would be the distance between the crest
and the trough of the wave. For example, in a problem for which the expected wave amplitude was 20 cm, sev-
eral students posted the value 40 cm. In such cases, we try to use the student’s own spontaneous concept to
present the corresponding scientific concept, as can be seen in Box 2.

Even with these teacher mediations, the evaluation after the lesson on LAFIS showed us that this particular
student still had the spontaneous concept mentioned in Box 2. This reinforces what we already said earlier about
the importance of conducting an evaluation after the LAFIS lesson. The evaluation may be the end of a cycle, in
which a particular learning process was materialized, or simply the restarting of the process, surely including the
adaptations the teacher deems necessary for the student to have a new opportunity to internalize the concepts
that remained in her ZPD.

7. Conclusion

We see that LAFIS is a collaborative Virtual Environment for Teaching and Learning that can help teachers
identify the Actual Development Level of their students and the qualitative changes in their Zone of Proximal
Development.

Quantitative analyses of the data sources for this research suggest that, under certain conditions (already men-
tioned), LAFIS favors collaborative interaction among the students, because the interdependence between them
in the environment can promote interactive processes that can be converted into collaborative action if the sub-
jects assist each other to solve the problems posed.
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[LAB 2 - Maria] teacher doesn’t even ee us ‘-*
[LAB 2 - Maria] #see

[LAB 1 - Jodo] LOL

[LAB 1 - Jodo] yeah...

Box 1. Dialog of a pair of students who hoped for more interac-
tion with the teacher.

[LAB 2] teacher how do i calculate the wave’s amplitude

[TEACHER] The amplitude is the distance from the wave’s horizontal axis to the crest. Write out how many
centimeters you think the amplitude will be...

[LAB 2] 40cm

[TEACHER] What you did was measure the distance from the crest to the trough, right?

[TEACHER] The amplitude is half this value, which is the distance from the middle of the wave to its extreme
(crestor frough).

Box 2. Teacher mediation to help the student to graphically identify the amplitude of a wave.

Among the subjects investigated, we found cases of students who received aid from their peers and were thus
able to solve the questions posed, as well as cases in which both of the group students did not understand or
know how to solve the proposed problem, but were able to do it successfully after being helped by the teacher.

The environment has been tested with students from two public schools with very different sociocultural real-
ities (Mello & Gobara, 2014, 2013a, 2013b). The results showed the strong influence of these realities, as al-
ready predicted by the theoretical approach adopted.

We also notice that one of the main focuses that the teacher should have in her mediations through LAFIS is
to make sure the interaction between students is actually happening among all group members. If a particular
student is not participating in the resolution of the problem, which can happen when the group is composed of
three members, so that one of them can have a more passive attitude, it is the attentive teacher’s job to intervene
and encourage her participation, either by asking questions or by requesting that she performs some procedure
that promotes her learning, such as the presentation of the calculations made to obtain a certain value, or the ex-
planation of the solution to the partner.

Asking students to describe the procedure used to obtain the answers was crucial to check whether the steps
taken toward the solution were consistent, proving that the answer was not obtained by chance and thus clarify-
ing if the basic concepts fundamental for the problem’s solution were indeed internalized by the subjects and,
consequently, increased their Actual Development Level (ADL).
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