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Abstract

The authors led a group of diverse students bygusimg distance technologies to
write mathematical models in relation to their exgyece with the nationwide protests
related to a sudden and steep climb in transpontaists during June 2013. In this
article the authors outline theories and work eslab critical mathematical
modeling, distance interaction, and transactiorsthdce by using long-distance
technologies in Brazil. Mathematical modeling beeaarteaching methodology that
focuses on the development of a critical and réflerfficacy that engages students
in a contextualized teaching-learning processdhatvs them to become involved in
the construction of solutions of social significanghis critical dimension of
mathematical modeling is based on the comprehem@sidrunderstanding of reality,
in which students learn to reflect, analyze ane tattion on their reality. This
approach coupled with long distance education alswdents to access higher
education in Brazil.

Keywords Critical Reflexive Mathematical modeling, Highextucation, Long
Distance Education, Virtual Learning Environment.

Introduction
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In recent years, Brazil has experienced an actetésmcial and economic growth and
accompanying social changes. The country is now'tHargest economy in the world. It
sponsored the 2014 World Cup and it is sponsohadlympics in Rio de Janeiro in 2016, and
is suffering a tremendous amount of modernizatioreiation to infrastructure, including that of
health and education. Nation-wide a process ofagigg teacher competencies and the training
of new teachers on a massive scale is making eréifte in school and community quality of
life. The most expedient, economical, indeed reaStenmethod to do this is by integrating the
use of long distance and multimedia technologiesintrease access to a wider audience, the
use of Moodle as the platform and freeware is uadith has enabled the Universidade Aberta
do Brazil (UAB) system to the democratize the asadhigher education. In this context, the
study of new educational and methodological projsdsacome relevant as a result of social
changes resulting from contemporary scientific taathnological development. The need to
update and upgrade professional development foh&a raises new institutional methods and
resources in order to meet the demand for speethtzacher education programs such as in
mathematics as imposed by technological developnent

The Long Distance Learning program in Brazil offezacher education programs to
prospective teachers in places and in contextshtnat had extremely limited access to higher
education, if at all. This was developed because fa face teacher education programs cannot
currently meet the needs or allow people the tieggired by traditional face to face instruction
to earn degrees. Instruction is performed by uaingriety of technologies as well as special
organizational and administrative arrangements (&&oKearsley, 2007). Several actions of
the Brazilian Federal Government were developedeaching and learning in a long distance
modality and forms part of the Ministry of Educat® plan representing the intention of the
current government to invest in distance learnimgj @ new digital era of informational and
communicational technologies that support teacpiagtices and professional development
(Brazil, 2005). This program aims at meeting thededs of the Zlcentury in which this
program is mediated by emerging technologies arttiadelogies in order to cover all
educational levels and social classes. AccordirthedBrazilian Law No. 5622 promulgated in
December, 192005, Long Distance Education is characterizeahasducational modality in
which its didactical and pedagogical mediatioraislftated in the teaching and learning
processes and occurs through the use of a vafi@joomational and communicational
technologies. In this process, students and tesdeelop educational activities in diverse and
distinct local and times (Brazil, 2005). Howevelisinecessary to work beyond the concepts of
this law in order to understand the didactical padagogical action plan for this educational
modality, which has direct influence to the quabfyeducation offered to students and
communities.

It is important to emphasize the relevance of tteparation of a long distance course
where it is necessary to know the learning needbkvefse groups of students and their unique
conditions in which they live. However, it is nataigh to enhance access to this kind of
education without changing and adapting processesreethods of teaching and learning
regarding available technological resources. Treams that in order to establish processes and
methods for a distance learning mathematics costggds as modeling, it is relevant to know its
potentialities and possibilities that meets theeexations and aspirations of the institutions and
people involved in this process. In this regardg iecessary to establish a system of long
distance learning process and methods based dingxiseories regarding to these research
fields and then analyze this model that was apptiedSeminar in Mathematical Modeling a
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long distance mathematics undergraduate courséeiabeaal university in Brazil. This course is
offered entirely in a distance environment medidkedugh technology and internet. The
development of the activities is conducted throtighuse of Moodle Platform that possesses
interactional tools among teachers, tutors, andestis. According to this context, the Centro de
Educacgéo Aberta e a Distancia (CEAD) at the Unidade Federal de Ouro Preto (UFOP) have
come to integrate instruction, technology, conterd pedagogical methods in order to reach a
diversity of students. In just this university adoithere are over 4500 students enrolled in four
undergraduate majors (Mathematics, Geography, Pggagnd Public Administration), which
represents 41% of UFOP students from three stBedsg, Minas Gerais, and Sao Paulo) and
access courseware and instruction vig8lbs(long distance learning centers). UFOP that is one
of the oldest public institutions of higher eduocatprovides one of the largest distance education
programs in Brazil.

Outlining Theories Related to Distance L earning and Critical Mathematical M odeling

In Brazil, push back in regards to long distancecation is evident, especially in regards
to its implementation in higher education, and agsbthe attitudes of traditional face-to face
faculty and colleagues. Despite these concernsiramidier to expand higher education in
Brazil, UAB was developed. It has the mission afiding access to higher education to a
population of prospective learners who has notdwss. Paulo Freire’s ideas related to
literacy; primarily, his idea that links social fic®, access and community development to
literacy has made a great impact, and has inflwkttas initiative; as well, ethnomathematics
has for years said that we should do the sameeigdhtext of mathematics education.
According to the Brazilian National Curriculum fislathematics (Brazil, 1998), students need to
develop their own autonomous ability to solve peofd, make decisions, work collaboratively,
and communicate effectively. This approach is bagedbilities, which help students to face
challenges posed by society by turning them irexifile, adaptive, reflexive, critical, and
creative citizens. This perspective is also relébetthe critical dimension of mathematics, which
is closely associated with the ethnomathematigg@gram (D’Ambrosio, 1990). This aspect
emphasizes the role of mathematics in society gllighting the necessity to analyze the role of
critical thinking in relation to the nature of mathatical models as well as the function of
modeling that solves everyday challenges.

So, when Brazil suddenly erupted, it seemed thiegeopportunity to look at the question
of transportation that people were concerned wihving a number of diverse polos
(educational centers) with a diversity of costgudations and social contexts seemed a rich
opportunity, not to be missed. This approach allaw/$o determine the main goals for schools
that relate to the development of creativity antaality to help students apply different tools to
solve problems faced in their daily lives as wslcampetencies, abilities, and skills to help
them to live in society. This context also allows the development of a critical mathematical
modeling, which enabled students to develop mathieatanodels related to the proposed theme
of transportation. Unfortunately, in most casessthgoals are established in school curricula
without the participation of community input. Thasrricular aspect contributes to an
authoritarian education which unmotivates and prespassivity in the teachers and students.
The focus of education must be to prepare botthtgaand students to be active, critical, and
reflexive participants in society. However, in artie reach this objective, it is necessary that the
community supports teaching and learning procetssgedielp students to develop their social-
critical efficacy. This means that teachers shd@encouraged and supported to adopt
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pedagogical practices that allow their studentgitaally analyze problems that surround them
in order to promote social justice.

Critical Mathematical M odeling

In the last three decades, critical mathematicaleting as a method for teaching and
learning mathematics has been a central theme timematics education in Brazil; in teacher
education programs this is a way to rebuild oramspart of fragmented knowledge students
acquired during their previous mathematics learmeixgeriences. Critical Mathematical
modeling has become one of the most important lrfiessearch for processes of teaching and
learning of mathematics in Brazil. This work poiotg some reasons for teaching and learning
of mathematics aimed at solving real world probl¢hat makes use of critical mathematical
modeling as a methodology that values and enahéesdnnection between mathematics and
reality. However, this aspect is not commonly ret#e in the teaching practices of mathematics
teachers. Much of the literature related to mathe@lamodeling and its critical perspective
contributes to the formation of both critical amdlexive teachers and presents us with
opportunities for the meaningful learning of matlagical concepts by students in virtual
environments. As a methodology in a virtual leagn@mvironment in undergraduate courses for
prospective mathematics teachers, it allows foettidoration of issues related to the context
and interest of students and thus provides medomgathematical content under study.

By using this critical mathematical modeling pexgpe we encourage the examination of
ways in which students develop and use certainenadkical procedures so that they learn to
identify and propose solutions to problems faceemeryday life (Skovsmose, 1990). This
process is crucial to the development of an infatnaetive, and critical citizenship. One of the
necessary pedagogical practices for transformiagh#iture of mathematical teaching is the
deployment and implementation of this perspectiviong distance mathematics undergraduate
courses, using the Moodle platform and a varietiyegware. This approach helps prospective
teachers to examine, interpret and understand piema that affect our daily lives. The
interpretation and understanding of these phenorasndue to the power provided by critical
mathematical modeling, which occurs through theoadi analysis of the applications of
mathematical concepts during the development ohematical models in a virtual learning
environment. Thus, the process of developing magiieal models is not a neutral activity
because the solution of a modeling a problem s@tnancludes an understanding of how ideas
and mathematical concepts are designed in the gattepa analysis, and resolution of these
models. Thus, it is important that the mathematieallts obtained in this process are linked to
the reality of students (Barbosa, 2006).

During the process of constructing the model, itesessary to describe, analyze, and
interpret phenomena present in reality in ordegeoerate critical and reflective discussions
about the different processes of resolution ofntleelels, which are prepared by students. These
discussions occur through reflective argumentadioout the influence needed to build models as
well as comparisons between the different modelsdre built by students (Barbosa, 2006)
criteria. Thus, it is important to enable true @eflons on the reality, which becomes a
transformative action that allows students to pcactxplanations, sharing their understandings,
develop abilities to organize, manage, and findtsmhs to problems that present themselves
(Rosa & Orey, 2007). This both critical and reflexdiscussion triggers a cycle of construction
of mathematical knowledge from the reality throulgh process of critical mathematical
modeling. In this process, students develop skil$ help them to process information and
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define essential strategies to perform actionsalmatto modification and transformation of

reality (Rosa & Orey, 2007). This kind of discussfmovokes in students the ability to
comprehend and debate about the implications afndematical results, which flow from the
resolution of a particular problem situation. Irsthegard, critical mathematical modeling can be
considered an artistic, indeed poetic process lsecauhe process of elaboration of a model, the
modeler needs to possess mathematical knowledgelbas develop a certain a sense of
intuition or creativity that enables this inter@igdn (Biembengut and Hein, 2000).

This is akin to writing a poem. In so doing, stuidemeed to work in a motivating virtual
learning environment (VLE) so that they are ablddwelop and exercise creativity and
criticality through analysis and the generation pretuction of knowledge. According to this
point of view, critical mathematical modeling mag tonsidered a learning environment in
which students are invited to inquire and invesggaoblems that come from other areas of
reality. In this environment, students work witlalrproblems and use mathematics as a language
for understanding, simplifying, and solving thegaations in an interdisciplinary fashion
(Bassanezi, 2002). In other words, critical mathigzabmodeling is a method using applied
mathematics that was transposed to the field ahieg and learning as one of the ways to use
and connect reality in the mathematics curricul&arbosa, 2006).

In the context of critical mathematical modelinggess, students communicate by using
hermeneutics (written, verbal, and non-verbal comication) to verify if social actions and
norms are modified by communication, which can &eetbped through the virtual learning
environment (VLE). It is in this kind of knowleddieat meaning and interpretation of
communicative patterns interact to construct anti@iate the community understanding that
serves to outline the legal agreement for the speidormance. In this learning environment
students control and manipulate technological tebich is gained through empirical
investigations and governed by technical rulehée(VLE). In the mathematical modeling
process, students apply this instrumental actioensthey observe the attributes of specific
phenomena, verify if a specific outcome can be peced and reproduced, and know how to use
rules to select different and efficient variablesrtanipulate and elaborate mathematical models.

Long Distance Learning

Over the past few decades, and in many diverséidmsa distance education has grown
quickly. Beginning initially with the use of mailrder course, it transitioned to include radio and
television. Once associated with mailed printedemails, it facilitated the dissemination and
democratization of access and has now moved tmtlnet and MOOCS. It has become a key
element in the democratization for many countried @ow allows access to education and
professional development opportunities once onhgmiin face to face and elite members of
society. In Brazil, as mentioned earlier, it hdewaéd a portion of the population that
traditionally has had difficulty in accessing pubdiducation to advance. The basic idea of
distance education is very simple: students anthera are in different locations during all or
most of the time in which they either learn or te@doore & Kearsley, 2007).

Although this type of education might in some whywder traditional teacher-student
relationships, strangely enough it also allows shtsl who had never had access to professors or
teachers to gain contact. Distance educationahtdobies answer the need of a population who
deserve initial or continuing education opportwstiDistance education allows for educators
and learners to break barriers related to timespade, and allows for interactivity and
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information dissemination. Distance education emvinents are open systems that are composed
of "flexible mechanisms for participation and dealivation, with control rules discussed by
the community and decisions taken by interdiscgrlrgroups” (Moraes, 1997, p. 68). This
approach also allows interactions between teashieosprepare instructional materials and
strategies, with tutors, who in our case in Brarilvide hands-on face to face assistance at
polos. In Brazil, tutors are tasked to assist sttalan their activities and tasks, guiding them in
their doubts, helping them learn to use searctsidibraries, and offer help in writing and basic
math skills. These interactions are triggered Bgdas on “platforms” that are virtual learning
environments (VLE) in Brazil and enables the usteohnology and the teaching and learning of
specific content. These features have enabledebhelabment of large variety of educational
methodologies that utilize web interaction chanmeld aim to provide needed support in the
achievement of VLE curricular activities.

Theory of Distance I nteraction

Interactional distance learning tools (Moore & Kstay, 2007) seek to eliminate the gap in
respect to the understanding and communicatiomblestad between teachers, tutors and
learners because by either time or geographicraistaDistance is considered an important
feature or element of this form of education andfisn supplanted by differentiating
procedures, instructional and pedagogical toolsfaw@litate interactions. In this sense, distance
education may need to be redefined because it tdenmnsidered only as the geographical
separation between teachers, students and tutdrasia different pedagogical concept for
teaching and learning.

According to this theory, there is a real needdistance education students to exercise
interactions in virtual learning environments tfatilitate understanding and the comprehension
of new content and activities. This interactioroa# students the opportunity to make or answer
guestions and in most subjects also allows foegtpression of opinions (Moore, 2007, p. 128).
This theory considers that the time and spacerdistafound between teachers, students and
tutors needs to be overcome with the inclusioniéé@ntiating elements in the process of
teaching and learning (Moore & Kearsley, 2007). Matudies involving the research and
investigation of distance education environmentsisoon communication media. In this sense,
new learning tools are adapted for use in classsogunh as the use of mathematical modeling in
mathematics courses.

We have learned to emphasize the need to introgdememethodologies based on changing
pedagogical contexts; that is available technokthat students in diverse distance modalities
can learn mathematical content through a divetsitiinological and methodological procedures,
including access to computers, laptops, tableessen the use of smartphones, that help them in
breaking the barrier provided by the distance sepey them from tutors and teachers (Neto,
2008). It is important to note here that new telaghmethods in Brazil include the use of mostly
freeware tools available in Moodle platforms, iml@&dn to forums, posts, wikis, youtube and
guestions and responses, which can be performeginime in live video and web conferences.

Theory of Transactional Distance

Before the development of the concept of the Thebryransactional Distance (Moore,
1993) definitions of distance education were reldtethe physical separation of teachers and
students. Transactional distance differs from tgspral or temporal distance as it refers to the
psychological and communicative space that seateéehers from teaching students of
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transactions triggered in an educational systedistance modality, and can occur in planned
structured virtual learning environments (Moore93p

Consistent with this perspective, this theory sgacupied with pedagogical aspects of
teaching and learning than with the geographigag¢eis of the students. In the greater
educational process, this theory requires the poesef "students, teachers, [tutors] and a
channel of communication" (Martindale, 2002, p.id @rder to resolve situations of teaching
and learning that involve different transactionatahces and require different techniques or
even specialized forms of instruction. The usehisf theory is an invaluable contribution that
guides complex practices of processes of teacmdglastance learning (Garrison, 2000)

Transactional Distance Theory describes relatigusshnd interactions that exist between
teachers, students and tutors and were often ettablwhen these individuals were separated
by time and space. However, for this interactiosatsfactorily take place there is a need to
discuss the extension of the length of a partiduéarsactional education program, which
depends on a set of three distinct qualitativeabdess: dialogue, program structure and the range
of autonomous possibilities for students. Thastigdents might work in groups, or individually.

It is also emphasized that these many variablesatralways technological, as they relate to the
interaction between teaching and learning itselbgké, 1993).

This theory seeks to utilize information, technglognd the inherent communication
found in structuring coursework, which prioritizes interactive educational process centered on
learners. In this educational process, transadtitistance is considered as a pedagogical
phenomenon and not just a geographical issue.riiéans that it investigates its influence on
distance teaching and learning of the disciplirfeh® curriculum, the organization and
management educational program, and curriculumldprent (Moore & Kearsley, 2007). This
theory also focuses on “the universe of teachenbraelationships that exist when learners and
instructor are separated by space and/or time” (8dP93, p. 22). In general, it describes the
interrelationship between three categories namadglie, structure and learner autonomy as
well as how the interactions of these elementsianite the intensity and the quality of the
transactional distance.

The theories presented here utilize informatiohietogy and communication in
structuring coursework, which prioritizes interaetiand collaborative educational process
centered with learners. In this educational pradeassactional distance is considered a
pedagogical phenomenon and not just as a geogedfgsae, which seeks to investigate the
influence that this has in distance teaching aathiag, the curriculum, curriculum development
and in the organization and management educatmrograms (Moore & Kearsley, 2007). This
includes critical mathematical modeling.

Critical Mathematical M odeling Processin the VLE

In literacy and language learning environmentsnees very quickly learn to communicate
through oral and or written forms of language. ¥an, learners see the importance of written
narratives, prose, and poetry that allow them fokdyi see the beauty and power of language,
and to incorporate that beauty into their livesntast this to the learning of mathematics, where
in the vast number of mathematics classes, leaarersubjected to endless rote memorization of
algorithms and grammar and pages of exercises) oftbout context to the learners’ lives,
experiences, values or communities. Rarely do sleeya direct connection to what they are
learning and how they actually will use mathematics
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Mathematics is often referred to as a languageit lseems that it has become a language
that is taught without giving leaners the opportyito communicate mathematically, or to even
write the rudimentary forms of mathematical proseaetry. It is not until learners reach
advanced mathematics that the few that survivepttusess, are afforded the opportunity to
engage in communicating and creating new ideagubmbeauty and power found in the
language of mathematics. It is why, no wonder, thast people detest mathematics, to them
mathematics is stuck in endless boring drills mtilse of mechanical and mathematical grammar
without being able to write or communicate in tbysmthetic but powerful language.

To those of us who are privileged to understand#suty and elegance of mathematics,
this is deeply sad. In Brazil a strong culturerafuiry has developed in the mathematics
education community by using critical mathematioaldeling, and is influenced by the
philosophies and work of Paulo Freire (2005) anddtan D’Ambrosio (1986). In preparation
for rigorous university entry exams, Brazilian stats are encouraged to reflect upon, engage in,
debate, and dialogue to resolve problems theyifinbdeir own contexts, neighborhoods and
environments. These opportunities often use mattieahanodeling and ethnomathematics and
become the first opportunity that mathematics leextave to write, a mathematical poem, as it
were (Rosa & Orey, 2011).

For example, data gleaned from a study about tcategpn conducted by Orey and Rosa
(2014) in 2013 in a course offered to mathematiagrs in mathematical modeling showed that
students acquired information through interviewthwitizens and public transport users in their
respective towns. In this regard; questions reltddtie situations presented in the interviews
served as starting point to the elaboration of ewathtical models. According to this context;
students determined different solutions to the lamol outlined, and reflected regarding to the
conclusions obtained in this process. In this stddy students in 1@olosin two states (Minas
Gerais and Sao Paulo) made use of an historic giennhation-wide 2013 demonstrations, to
develop competency in mathematical modeling and $towied this raise in bus fares in their
communities in Brazil and shared their findingshafgllow students, faculty, and tutors.

As mentioned above, in June 2013, early in the Banan Mathematical Modeling, the
country erupted in mass demonstrations againggrtneing problem of corruption and over
spending in relation to preparation for the 2014rM/€up tournament. Just in the small college
town of Ouro Preto, 10,000 people marched fronmutiieersity campus to the main square of the
city. What sparked this national mass movementaxsisdden spike in transportation fares in
urban transportation systems. What may seem t@ thhbs do not use mass transit as something
minor (20 cent rise) created a difficult problem feany who live in the large megalopolises of
Sao Paulo, Rio, and Brasilia. Some long daily cotesibecame R$30 (about U$14) roundtrips
five or six times a week and for many became urtiena

Normally a week or so is devoted to bringing caissis with students and generating a
number of themes, and to make use of this parti¢ushoric circumstance the instructor
consulted with the tutors and students and togetikergreed that transportation would be the
theme. Eight polos were participating in the semifle instructor asked the tutors at each polo
to organize the students into smaller working geoap4 or 5 students. Over a period of 5 weeks
students were led through the steps, and groups nequired to post evidence of their work on
line.
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Synchronous virtual classes were held. Criticalhmatatical modeling lessons were
transmitted through video conference. Lessons weganized and activities and projects were
posted in the Moodle Platform. Discussion forumsenadso developed in order to prepare
students for the modeling process. By the end of/d€ks course there were 4
synchronous/virtual meetings in which the developno the mathematical models of each
group of students was discussed. The course caldmatacontained the description of the
course, the terms of the proposed activities, hadlates and times of synchronous was
published in the VLE. Approximately, every two wedhkere were activities and questions to be
worked on by the students and sent to the tutatdfaprofessor through specific links in the
Moodle Platform.

During the development of the course, the profeaadrthe tutors, although
geographically distant from the students used ailgitools to be connected with them.
Pedagogical and didactic strategies were usedioge professor and tutors interactions with
the students in order to contribute to the prooés$saching and learning critical mathematical
modeling. The resources used for this purpose therdiscussion forums and videoconference.
Through these tools it was possible to promoteodias between all participants in the VILE.
addition to promoting interaction, the professakicare that the preparation of teaching
materials, such as the structure and policieseathivities available on the VLE. Thus, due to
perceived needs of the students during this cotlisgrofessor created supplemental materials
and short video-lessons in order to lead studeefstsy step in the modeling process, so they
were able to improve their performance in carryongthe modeling proposed activities.

It is important to highlight here the design of tree of digital communication
technologies in the development of this course sischideoconferences and virtual learning
environments guided the selection of proceduregectthiques:

a) Videoconferences enabled the integration ofesitg] tutors and the professor for
socialization and clarification of questionings;iahallowed for a collaborative
environment for sharing experiences on the proptsaties and promoted students
attendance in the polos to develop their modelmgepts. The use of videoconference
proved to be very effective because it has sufiicieaching resources for conducting
synchronous classes. In this perspective, knowledlganslated in a dialogical way so
these technological tools can be used as instrigterttelp students to critically think
about problems they face daily.

b) The Virtual Learning Environment (VLE) allowedrfcontinuous updates of the course
content; the development of discussion forums coicg teaching practices in the critical
mathematical modeling process and the elaborafigun@stions about the pedagogical and
technical aspects of this process. VLE also allofeedhe integration of students, tutors,
and the professor through the tools to deliver agss, the provision of summaries of
contents the course; the conduction of pedagogicaitoring such as sending messages to
all participants and participation in the discuadiorums; and technical support such
students and tutors access reports in the VLE.

In this virtual environment, the learning occurtbtbugh socialization because knowledge
was better constructed when the students workgdoumps and act cooperatively in order to
support and encourage each other. This approamhsaitudents to reflect on complex problems
embedded in real situations that help to conskmotvledge by connecting it to other knowledge
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areas in an interdisciplinary way. According tcstperspective, students’ engagement with a

sociocultural environment helps them to be involiretheaningful and complex activities. It is
through social interaction (Vygotsky, 1986) amoegdhers and students from distinct cultural
groups that learning is initiated and established.

Accessing the Virtual Learning Environment (VLE)

In the mathematical modeling process, the socr@emment also influences cognition in
ways that are related to cultural context. In ttustext, collaborative work through Moodle
Platform between groups of teachers, tutors, amdestts makes learning more effective as it
generates levels of mathematical thinking throdghuse of socially and culturally relevant
activities Thus context allows the use dafialectical constructivisnbecause the source of
knowledge is based on social interactions betwaeteats and environments in which cognition
is the result of cultural artifacts in these intti@ns (Rosa & Orey, 2007).

Critical mathematical modeling provides concretpartunities for students to discuss the
role of mathematics as well as the nature of tmeidels as they study systems taken from reality
through the use of technological tools in the VIirEaccordance to this point of view, critical
mathematical modeling may be understood as a lgeguoestudy, understand, and comprehend
problems faced community (Bassanezi, 2002). Fompia mathematical modeling is used to
analyze, simplify, and solve daily phenomena ireottd predict results or modify the
characteristics of these phenomena. In this protespurpose of critical mathematical
modeling becomes the ability to develop criticallskhat enable teachers and students to
analyze and interpret data, to formulate and tgsotmeses, and to develop and verify the
effectiveness of mathematical models. In so ddimgreflections become a transforming action,
seeking to reduce the degree of complexity thrathgtchoice of a system that can represent it
(Rosa & Orey, 2007).

By developing strategies through technologicalggwbvided by the Moodle Platform
encourage students to explain, understand, maaaghjze, and reflect on all parts of this
system, the process optimizes pedagogical condifamteaching and learning so that students
understand a particular phenomenon in order teféettively and transform phenomenon
according to the needs the community. In ordee#al Istudents towards the understanding of its
social-critical dimension is to expose them to dewariety of problems or themes. As part of
this process, questionings are used to explainaikerpredictions about the phenomena under
study through the elaboration of models that reprethese situations (Rosa & Orey, 2007).

Recommendations

Based on the experience of the development ofdalilMathematical Modeling in a long
distance environment this course transformed irgiongle, yet elegant, pedagogical and
didactical methodology. However, in a new editidnhis course, it is possible to take into
account adjustments that needed to be made in rderrect technical difficulties that occurred
in the students’ virtual learning environment. Thosw challenges and needs arose when
upgrading methodological and pedagogical procemsssrding to the new context of long
distance learning. According to this context, ssemmmendations related to this experience
and implemented in future course offerings are:

Professors and tutors
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There is a need to intensify the help given tostivelents by answering their questions and
grading activities according to the schedule postele Moodle Platform, improve orientations
and instructions regarding to the development ibitat mathematical modeling steps as well as
clarifying the description of policies and actiesi It is also important to avoid too many
changes in the schedule of the proposed synchrarlasses as well as the delivery of the
activities in the VLE; make more effective uselué forums for interaction and discussion of the
proposed activities, enhance the use of virtualrenments in order to provide the means for
monitoring on the participation of students, inéhgiforums and synchronous activities such as
seminars by videoconference presentation of thpgzed activities.

Students

It goes with saying, and this is a difficult profmldéor us in Brazil but it is necessary that
students have enough time to study and participatee proposed activities in the VLE. Many
students are working or do not have access tmtkeniet or computers in their homes and must
travel to the polos to do some or all courseworkiclv presents them with various logistical
problems. On one occasion, a student neededwe tha polo in time to make her bus ride
because her horse was tied to the bus stop amkskeo ride home yet another hour by horse!
As well we need to intensify the elaborations ase t@aching resources and materials found
closer to home and explore pedagogical suppontdardo clarify questioning and inquiries; and
better organize groups to prepare their answectivittes regarding the elaboration of
mathematical models. It is also recommended thatinportant to use Freirean-Dambrosian
perspectives in order to use this opportunity &eleprospective teachers to use real life contexts
to engage learners. As well it allows us to gamtthols and experience to make useful
arguments for what can be emotional topics. In@ng] modelers learn to create data, and
thoughtfully engage in debate and dialogue in i@hatpo the data, which enable them to take an
active role in the process of the transformatiosatfiety.

Final Considerations

The study of new educational methodological profsosacomes relevant because it
originates with ideas regarding social changedtiagLfrom ongoing continuous contemporary
scientific and technological developments. In oftdeznable teaching methods using structured
learning materials and existing technological reses, it was developed the long distance
learning, which refers to planned learning thaimalty occurs outside of school (Moore &
Kearsley, 2007). On the other hand, in the lagtdttecades, critical mathematical modeling as a
teaching and learning methodology has been ongeatentral themes in mathematics education
in Brazil and has come to offer a way to rebuildestore what has become for many, a
fragmented and meaningless mathematical knowléldge.approach appears to encourage them
to develop more informed and research-based ogmniotheir real life.

In this context, mathematical modeling soon becoatesaching methodology that focuses
on the development of a critical and reflexive ety that engages students in a contextualized
teaching-learning process that allows them to beciowolved in the construction of solutions of
social significance (Rosa & Orey, 2007). This catidimension of mathematical modeling is
based on the comprehension and understandingliyr@awhich students learn to reflect,
analyze and take action on their own reality. WAverexplore examples and problems from their
reality, students begin to study the symbolic, eysttic, analytical, and critically contexts to
their work through the use of technological toalsvided in a virtual learning environment. In
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so doing, long distance learning modalities conteland can assist students to overcome
difficulties regarding the adoption of critical rhaimatical modeling courses because
technological tools offered by the platforms sustModle are simple and funcional. Through
the use of discussion forums and videoconferemqre$gssors and tutors are able to and can
better analyze interactions enabled by these tatigh contributed to development of the
elaboration of mathematical models in the virtearhing environment.
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