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RESUMO

DESENVOLVIMENTO E AVALIACAO DE SOFTWARE PARA O ENSI NO DE
CIENCIAS: A FARMACOLOGIA COMO MODELO DE
INTERDISCIPLINARIDADE

As tecnologias de Informacéo estdo cada vez msggidas no contexto educacional. Existe
grande necessidade de um aprofundamento do cordrgoimio impacto destas tecnologias na
sala de aula para professores e alunos. O compuao® softwares educacionais ja fazem
parte integrante da realidade de muitos ambierdasagionais, contudo, mais estudos s&o
necessarios para que os beneficios do uso destaddgias sejam reais. Nesse contexto, se
insere o ensino de Farmacologia, uma disciplin&raledo curriculo das areas biologicas e da
saude, importante para a formacdo de muitos piafisis da salude. Dados da literatura
apontam problemas rensino desta disciplina sugerindo a necessidaaeudiancas. Assim,

0 presente estudo consistiu de uma forma amplagesodar o uso das tecnologias da
informac&o no ambiente educacional, com foco nerdedvimento e uso de um software
para o ensino da Farmacologia e o seu impactoneadipagem. O software foi desenvolvido
sob uma perspectiva interdisciplinar, agrupandaosaassuntos, com varias abordagens
voltadas para a Farmacologia, uma ciéncia intaplisar por esséncia.

Uma série de disparidades foi encontrada aposrawiséo bibliografica sobre o uso das
tecnologias da informacao no cendrio brasileireinagomo problemas especificos no ensino
da Farmacologia nas escolas médicas do estadooddeRlaneiro. Por outro lado, o uso do
software mostrou resultados positivos sobre a dmagem dessa importante disciplina em

estudantes de graduacao das varias areas da saude.

PALAVRAS-CHAVE: Software educativo; Farmacologiatdrdisciplinaridade; Tecnologias
da Informacgéo.
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ABSTRACT

DEVELOPMENT AND EVALUATION OF SOFTWARE TO TEACH SCI ENCE:
PHARMACOLOGY AS AN INTERDISCIPLINAR MODEL

Information technologies are increasingly embedibethe educational context. There is
great need for a deeper understanding of the ingdabiese technologies in the classroom
for teachers and students. The computers and eoln@bdoftware are an integral part of
the reality of many educational settings, howevegre studies are needed for the
understanding the real benefits of the use thesatdogies. In this context, Pharmacology
is a central subject of the curriculum of all bgilal and health area and is a very
important subject for medical training. Literatutata point to problems with the teaching
of this subject suggesting the need for change.sTthis study consisted of a broad
description of the use of information technologythe educational environment, focusing
on the development and use of software for thehiagmf pharmacology and their impact
on learning. The software was developed under @ndisciplinary perspective, grouping a
number of issues with various approaches and deepbted in pharmacology.
A number of gaps were found after a literature eavion the use of information
technology in the Brazilian scene, as well as dpge@roblems in the teaching of
pharmacology in medical schools in the state ofd&daneiro. On the other hand, the use
of the software showed positive results on learivig important subject within biological

and health curriculum.

Keywords: Educational Software, Pharmacology, thsmiplinary, Technology of

information



1. MOTIVACAO

ApoOs a conclusdo do mestrado, na area de Toxieglagiciei minha carreira
docente onde até hoje atuo. Desde entdo, ja xgeriéncia em dar aulas para varias
turmas, em varias disciplinas de varios cursos @elupcdo e pos-graduacdo. No
contexto do ensino privado ha grande demanda jpdegsores que “aceitem” dar aulas
de varias disciplinas. No inicio da carreira fui dos muitos que aceitaram o desafio.
Disciplinas como histologia, bioquimica, biologieral, biologia molecular, fisiologia,
e muitas outras j4 fizeram parte do meu dia a didisgional. Da mesma forma, ja
participei como docente de cursos como farmaaatérapia, ciéncias bioldgicas entre
outros em varias instituicbes de ensino superiar.léngo de mais de 10 anos de
experiéncia, fui aos poucos, me estabelecendo quwaiessor das disciplinas de maior
adesdo a minha formacdo - Farmacologia e Toxiclohido me considero um
professor completamente maduro na posi¢cdo, contadm as vivéncias que ja
acumulei, sou capaz de fazer reflexbes sobre on@nsia aprendizagem dessas
disciplinas, e das ciéncias de um modo geral.

E importante dizer, que apesar do aspecto quaseale sempre fui um grande
aficionado pelas tecnologias, dentre elas, as guelem o0 uso de computadores e
softwares. Desde ainda bem jovem, por volta doarlds de idade, ja fazia minhas
rotinas e meus programas eBasic no ambiente DOS, em computadores, que
atualmente, uma crianga seria incapaz de entequaeexistiram programas desse tipo.

Foi a partir da minha experiéncia docente e dahaivisdo critica sobre as
praticas desenvolvidas em sala de aula que uma pkeste trabalho pbéde ser
construido.

Alguns anos apoés a conclusdo do mestrado tiveoguspdade de conhecer o
Prof. Luiz Anastécio Alves, que me despertou or@gse em desenvolver um trabalho
qgue pudesse aliar a minha experiéncia docente coso de tecnologias da informacéao
na educacdo. Assim, nasceu 0 projeto para desemvaiv software para o ensino de
Farmacologia.

A Farmacologia é uma disciplina marcante paraaadg maioria dos alunos dos
cursos das areas bioldgicas e da saude. Muitosgzafes, e me incluo nessa lista, ja
comecam a primeira aula do semestre com alunosrantados, desmotivad@scertos

de que um Unico periodo para a disciplina — de oimolperiodo — néo seria possivel.



Notas, em sua maioria, constrangedoras, e um dpaeloddiscutivel fazem parte do
cotidiano de muitos cursos de Farmacologia. Coméepsor sempre tentei construir e
aplicar estratégias para minimizar essa realidadddiz algumas reflexdes profundas
sobre o tema e pude tirar algumas conclusdes. Beqeee muitos dos conceitos
essenciais para a Farmacologia utilizavam outragn@os da matematica, quimica
organica, fisico-quimica, fisiologia e muitas ogtr&empre que conseguia integrar tais
conceitos — passando pelas diferentes disciplinasn—novo ambiente era criado,
resultando na maioria das vezeem um aumento da motivacdo entre os alunos, e
consequentemente em notas significativamente neshdralvez, o inicio da minha
carreira docente, forcosamente multidisciplinatheeme proporcionado subsidios para
um dia, tentar trabalhar de modo interdisciplifdob essa Otica, a Farmacologia é
essencialmente interdisciplinar, e com certeza fadoparte do curriculo basico dos
cursos das ciéncias biolégicas e da saude. Elagaohsm grau significativo de
maturidade académica e cientifica, que frequenteme&o encontramos na grande
maioria dos alunos.

Assim, contaminado pelo entusiasmo do Prof. Aluwesolvi desenvolver e
utilizar um software para o ensino da Farmacologjigddéia foi produzir um software
sobre Farmacologia, mas que pudesse ser capaandédar em diferentes areas e com
conteudos integrados, a partir de varios estimpia o aluno, como por exemplo,
animacoes, esquemas, texto, etc. Buscamos usateratividade e fomentamos a
construcdo do conhecimento a partir do uso dogsesulisponiveis.

A medida que a idéia amadurecia, novos horizofiesn sendo desenhados,
culminando em estudos mais amplos que passaramurpar revisdo do uso das
tecnologias da informac&o no contexto educacioragileiro (artigo 1), o conhecimento
e importancia da interdisciplinaridade por professpe posteriormente, com foco nas
praticas desenvolvidas para o ensino da Farmaeol@giigos 2 e 3) e finalmente o
estudo sobre o desenvolvimento e uso do softwargda).

Nesse sentido, esperamos poder contribuir com uacaedo brasileira
fomentando mudancas necessarias as nossas piaiinas professores, e na grande
demanda pela melhoria da formacdo dos nossos asgsdduturos profissionais que

desempenharao papéis, muitas vezes estratégicomssa sociedade.



2. INTRODUCAO

2.1. INTERDISCIPLINARIDADE

2.1.1 — Breve Histérico

O termo ‘“interdisciplinaridade” foi criado no sésukX, contudo as suas
origens sdo substancialmente mais antigas (KI€988)L As bases de uma ciéncia
unificada e a integracdo dos conhecimentos témdadenvolvidos desde a antiguidade
pela filosofia. Desde entéo, o processo geral geotslizacdo na sociedade levou a
uma crescente divisao do trabalho e do pensameati&mnico.

A historia das ciéncias nos parece essencialmestglthar o que resultou na
producdo fragmentada do conhecimento entre asedifs areas cientificas —
sobrevivente em alguns casos até os dias atuasseNsontexto, um forte indicio
histérico sobre a origem da fragmentacdo do contestio € relatado na obra “Discurso
do Método” de 1637, onde René Descartes propdeareea solugdo de uma questao
complexa, deve-se decompb-la em partes menores @aea 0 problema seja
simplificado. E ainda, a unido da resolucéo datepaseria a resolucéo do todo.

Durante os periodos classico e medieval ndo havi@eacupacdo em se
estabelecer divisbes e separacdes entre os divessbecimentos. Com a crise do
mundo medieval, foi tomando corpo e se fortalecami@ nova concepcao de leitura
do mundo e de seus fendbmenos. O préprio homem copassa a ser visto como
alguém que pode conhecer e criar conhecimento $ANeila Guimaréaest al, 2009).
Como parte dessa nova concepcao de leitura do mwsi@ensadores da época
comecaram, entdo, a separar os conhecimentos slivirems quais 0 homem comum
nao poderia ter acesso — dos conhecimentos teyrestes sim, acessiveis aos seres
humanos, porque também estes poderiam cria-losétodm cientifico e 0 pensamento
moderno foram entdo sendo construidos, 0 que mpms a ruptura do modelo de
racionalidade vigente, sendo considerado comoa@uegio cientifica, e dando origem a
gue se denomina hoje de ciéncia moderna (Alvesa riimaraest al, 2009).

Nessa realidade, ao longo da produgéo do conhemmercapacidade criativa
envolve muitas vezes a unido de ideias previamedate relacionadas. Artistas e
pensadores altamente criativos foram capazes de ideias aparentemente nao

relacionadas e ndo convencionais em grandes e&peeda genialidade humana. Esses



aspectos combinados eram oriundos, na maioriaeigsyde diferentes disciplinas. As
pressoes intelectuais geradas pela interdiscipliade resultam em expressées humanas
antes nao imaginaveis (Nissani, 1997). A mobilidddeocupacdes e carreiras estao
entre as fontes mais poderosas de inovacéo e adgemento dentro de uma disciplina,
e que muitas vezes podem resultar em novas disa®plirelacionadas. A
interdisciplinaridade surge no momento em que aguoblemas séo insollveis dentro
de uma disciplina e por conta disso, alternatiasencontradas a partir da utilizacéo,
interacdo e/ou integracdo entre duas ou mais tisxsp (Morin, 2009). De fato, é
impossivel nos dias de hoje, se tornar expertem todas as areas do conhecimento.
Contudo, devemater a nogao que a existéncia humana significa @, tothdo cada uma
das disciplinas isoladas, o que faz da interdis@pdade a tentativa de pensar em ver
em conjunto, e se aproximar mais da realidade.

Muitos avangos no conhecimento humano resultaramtdgracao dos saberes
de vérias ciéncias como os premiados do Nobel ddidib@ em 1962, Francis Crick
(Fisico), James Watson (Biologo) e Maurice Wilki(iSsiologista) gracas a seus
estudos sobre a estrutura do DNA e, logo no anairseg os estudos sobre os
potenciais de acdo por Huxley e Hodgkins. Aindanesma areaemos o surgimento
da biologia molecular, possivel gracas a unido Wenigos, fisicos e bidlogos. Além
disso, muitas descobertas na ciéncia acontecemgdemmrréncia de fatos histéricos
importantes, como guerras e revolucbes, que pravoeacontros de refugiados,
migracfes de idéias e conceitos (Augusto et &Q4R Varios acontecimentos podem
ser apresentados para ilustrar essas transformagdeslisciplinares e 0s seus
respectivos desfechos, que em muitos casos airmanfgparte do presente. Como
exemplo, podemos mencionar o0 projeto genoma quesamiou aos bidlogos a
oportunidade de estudar processos genéticos nuozdaegendmica e mais ainda,
diferente do paradigma predominante dos espeeiglistdo se resumiu somente a
mecanismos moleculares individuais, mas suas giesae regulacbes em sistemas
(Wingreen e Botstein, 2006). Ainda, no campo enmeryda biologia dos sistemas que
vém integrando conceitos e ideias das ciéncias ida, engenharia e informatica
(Tadmor e Tidor, 2005). Como consequéncia dessastes caracteristicas intelectuais
foi necessario uma forte interacdo entre os limiges disciplinas tradicionais (Bialek e



Botstein, 2004), transformando o pensamento disaiplentre as ciéncias para uma

visdo mais ampla e integrada.

2.1.2 — Interdisciplinaridade - Conceito

Interdisciplinaridade é um termo polissémico. Msitautores tém sugerido
diferentes classificacbes e distingbes para msttiginar, pluridisciplinar e
transdisciplinar. (Oecd, 1972; Japiassu, 1976; rKldi990; Nissani, 1997; Lattuca,
2001; Nikitina, 2006). As diferencas estdo baseadaforma com que as disciplinas
interagem em um curriculo, como elas estao intinminégadas, e o que pode ser
produzido como resultado destas ligagoes (Oecd?;1l®apiassu, 1976; Klein, 1990;
Nissani, 1997; Lattuca, 2001; Nikitina, 2006). Manbs aqui a intencao de discultir tais
diferencas.

Segundo Nissani (1997) a interdisciplinaridade capie a quatro areas:
conhecimento, pesquisa, educacao e teoria. O comd@o interdisciplinar envolve a
familiaridade com componentes de duas ou maispdiisas. A pesquisa interdisciplinar
combina os componentes de duas ou mais disciplirausca ou criagdo de novos
conhecimentos, operacdes ou expressdes artigieakicacao interdisciplinar combina
componentes de duas ou mais disciplinas num Unisgrggma de instrucdo. A teoria
interdisciplinar faz do conhecimento, pesquisa ducacao interdisciplinar seu objeto
principal de estudo (Nissani, 1997).

De acordo com a academia brasileira de ciénciagserorolvimento social,
tecnologico e cientifico de um pais esta relacioneom reformas na sua estrutura
educacional. Para isso, é essencial a melhoriauahdgde da educacdo primaria e
secundaria, assim como no ensino superior, nodeede tornar seus curriculos mais
flexiveis e integrados (Chavesal, 2004; Hamburgeet al, 2007).

Uma consistente proposta de organizacdo curridaldui uma perspectiva
interdisciplinar focada no desenvolvimento do caithento através da informacao, de
habilidades, de valores e de praticas. Assim, €éiargpara o0 avanco na educacao
brasileira o desenvolvimento de conhecimento, denicas capazes de formar
educadores em uma perspectiva interdisciplinannasemo, de possuir ferramentas e
estratégias para que estes educadores possarhdratfativamente com tais conceitos.

Mesmo com o reconhecimento da importancia da nieleekes da integracao

entre as areas do conhecimento, ainda € muitoildiiitrapassar as barreiras



disciplinares. De um lado, a educacéo/formacaocsendencialmente disciplinar e por
outro, os cientistas, formados na maioria das veresmoldes disciplinares, sendo

praticamente obrigados a cruzarem as fronteiras astdisciplinas.

2.1.3 — Interdisciplinaridade no Brasil e no Mundo

O movimento da interdisciplinaridade teve inicio ereados dos anos 60
e culminou com as manifestacbes ocorridas em vdrdaes do mundo em 1968
(Fazenda, 1998; Nogueira e Nogueira, 2002), sodeeta Franca e Itéalia, na busca
da superacado de uma visao curricular baseada enmenoessiva especializacgao.
Até meados do século XX, era atribuido a escolgdizaum papel central no duplo
processo de superacdo do atraso econdmico, datasono e de seus privilégios,
associados as sociedades tradicionais, e de cgéstde uma nova sociedade, justa,
moderna e democrética. Supunha-se, por exemplopgueneio da escola publica e
gratuita seria resolvido o problema do acesso &agdw, e assim garantido, em
principio, a igualdade de oportunidades entre tamosidadaos. A escola deveria ser
uma instituicdo neutra baseadas em critérios ragate funcionamento.

Nesse periodo d& inicio uma crise profunda da @mé@cede escola e do papel
dos sistemas de ensino na sociedade.

Segundo Nogueira e Nogueira (2002) pelo menos dwmgsimentos foram
responsaveis, pelo menos em parte, por essa cassfdrmando o olhar sobre a
educacao (Nogueira e Nogueira, 2002). Em primeigai, tem-se, a partir do final dos
anos 50, a divulgacdo de uma série de grandes ipasqguantitativas patrocinadas
pelos governos inglés, americano e francés queranast de forma clara, o peso da
origem social sobre os destinos escolares. A pdgies, foi reconhecido que o
desempenho escolar dependia também da origem dosialunos. O outro movimento
se relacionou a certos efeitos inesperados da ficagéo do ensino, refletindo em um
progressivo sentimento de frustracdo dos estudaenegspecial nos franceses, com o
carater autoritario e elitista do sistema educatioAlém disso, era notério o baixo
retorno social e econdémico auferido pelos certifosa escolares no mercado de
trabalho. Nesse contexto, criticas contundentessé@ma educacional comecaram a ser
feitas contribuindo para a eclosdo de um amplo mento de contestacdo social em
1968 (Bordieu, 1992). A crenca da igualdade de topatades, meritocracia, justica



social, dentre outras se desfaz, e passa a sarcaisto a reproducédo e legitimagcao das
desigualdades sociais.

A interdisciplinaridade, entdo, surgiu pela neceéade de construcédo de
um novo paradigma de ciéncia e de conhecimentan al@ necessidade de
elaboracdo de um novo projeto de educacéo, escolaa constituindo-se,
assim, numa pratica educativa reativa a abordagenipdinar e normalizada do
conhecimento, traduzida, na pratica, como uma @aide coletiva e solidaria
onde se articulam saberes e fazeres (Fazenda,.1998)

Dentro desse conceito, Ivani Fazenda reconhece mesapta trés
momentos do movimento na busca da interdiscipldede, distinguindo-os
pelas tarefas que foram sendo desenvolvidas em gadadas etapas. Assim,
ela aponta que na década de 1970 a procura eraup@a definicdo de
interdisciplinaridade; ja na década de 1980, aftamra a de explicitar um
método e, por fim, na década de 1990, o objetivoaede construir uma teoria
da interdisciplinaridade (Fazenda, 1998).

Convém lembrar que a primeira producdo signifieativsobre a
interdisciplinaridade no Brasil é de Hilton Japiaggie na época, ja apresentava 0s
principais questionamentos a respeito da teméaticselss conceitos, fazendo uma
reflexdo sobre as estratégias interdisciplinarese#da em experiéncias realizadas
naquele periodo (Japiassu, 1976).

No Brasil, o conceito e as praticas interdiscipsaestdo contempladas, por
exemplo, nas Diretrizes Curriculares Nacionais paEmsino Médio, segundo o parecer
do Conselho Nacional de Educacdo e da Céamara deaditn Basica (parecer
CNE/CEB No. 15/98).

“A partir do problema gerador do projeto, que posier um
experimento, um plano de agao para intervir naidaeae ou
uma atividade, sdo identificados os conceitos ddaca
disciplina que podem contribuir para descrevé-kpliea-lo e
prever solucbes. Dessa forma, o projeto € intamlisar na
sua concepcao, execucgao e avaliacdo, e os conagitzados
podem ser formalizados, sistematizados e regigraco

ambito das disciplinas que contribuem para 0 seu



desenvolvimento. O exemplo do projeto € interesgaata
mostrar que a interdisciplinaridade n&o dilui asaplinas, ao
contrario, mantém a sua individualidade. Mas inte@s
disciplinas a partir da compreensdo das multiplassas ou
fatores que intervém sobre a realidade e trabattdas as
linguagens para a constituicdo do conhecimentoucaracao
e negociacdo de significados e registro sistematics

resultados.”

No ano de 2009 o Ministério da Educagédo encamiiooGonselho Nacional de
Educacdo uma proposta, que foi aceita, de desemasito de um programa intitulado
de “Ensino Médio Inovador”. O referido programa team linhas gerais, o objetivo de
estabelecer o apoio a inovagdes curriculares p&asmo Médio nas escolas publicas
brasileiras. Nesse contexto, é levada em consi@leracbusca por uma articulacdo
interdisciplinar voltada para o desenvolvimentadehecimentos através de atividades
integradoras e desenvolvendo relacdes entre ansiiime “trabalho, ciéncia, tecnologia
e cultura”, ou seja, entre o0s eixos constituinte&dsino Médio

Por outro lado, no ensino superior, onde as praticeerdisciplinares deviam
estar consolidadas, muitos debates ainda se mmaliEste contexto. Em 2007, o
Ministério da Educacado lancou o Plano de Desenwvanio da Educacéo, que dentre
outras coisas continha o decreto n. 6096 que dstideo programa de Apoio a
Reestruturacdo e Expanséo das Universidades (REBKI¥il, 2007). Seus principais
objetivos sé@o a criagdo de condicbes para a mallmmriacesso e retencdo no nivel
superior, melhorias na qualidade dos cursos e meltilizacdo das infra-estruturas
fisicas e humanas ja presentes nas universidaddisgsl Incluido no REUNI estava o
projeto UNIVERSIDADE NOVA que propunha a reestraigdo curricular no sentido
de implementar o conceito da interdisciplinaridazam o bacharelado interdisciplinar.
Nesse bacharelado o estudante receberia uma fayrgac@l de aproximadamente dois
anos e em seguida poderia escolher uma carreiegiésp.

Cabe ressaltar que a interdisciplinaridade ja efendlida desde o inicio do
século XX. O filésofo e educador norte-americandinJdDewey, na sua obra

Democracia e Educacapublicada em 1916, ja defendia tais praticasscala. Dewey



defendeu e considerou a educacdo como um instrameatibso na construcdo e
manutencdo de uma sociedade democratica. Nessalseat relacdo entre a
teoria e a pratica educativa deve ser desenvolypdea que os educandos
venham a ser cidadaos ativos, agindo a partir ddcas e investigacdes
reflexivas sobre a realidade onde vivem. Podendargsse tornarem individuos
comprometidos com a permanente constru¢cdo de untaedame justa e
igualitaria (Dewey, 1979). Indicios ainda no findb século XIX mostraram
tentativas de relacionar as disciplinas escolasé&s foi reconhecido como o germe do
moderno movimento de integragao curricular, defincmo um conjunto de ideias
filosoficas e psicoldgicas aplicadas aos métodosrdno (Klein, 1998). A crescente
utilizacdo dos conceitos de correlacdo e currisaloonsolidaram durante os anos 1930
e 40. Durante esse periodo, os esforcos para am@fourricular realizada em ambito
nacional e em alguns estados incentivaram ativaremntroducdo de uma abordagem
integrada no curriculo escolar. Um dos primeirosultados experimentais da
implementacéo da interdisciplinaridade foi real@zgar Hopkins (1937). Durante oito
anos, alunos de trinta escolas de grades currgsulategradas foram comparados com
estudantes que seguiram os programas tradiciddaisesultados indicaram que alunos
expostos a uma educacao centrada no estudo demaxsbu questdes que integrem o
conhecimento de diferentes disciplinas, demonstramaaior curiosidade intelectual,
mostraram melhores atitudes para a aprendizagendgquaomparados aos seus pares
submetidos aos programas tradicionais (Hopkins7/193

No Brasil, ainda ha discusséo sobre a interdis@pliade, contudo, a formacao
de professores, a implementagéo nas salas deaaslen como a adequacéao curricular

parecem estar longe da realidade.

2.2. TECNOLOGIAS DA INFORMACAO NA EDUCACAO
ModificagOes significativas na sociedade forameolsdas a partir do momento

em que os computadores se tornaram disponiveismus de 1950. A forma como a

economia passou a ser movimentada, os servicagawas, o desenvolvimento das

ciéncias foram profundamente modificados com odasocomputadores (Flyn, 2002).
Algum tempo mais tarde, por volta da década de ,1@70evolucdo dos

computadores pessoais, principalmente nos EUA eo®upaises desenvolvidos,



possibilitou o inicio da insercdo de tais tecnasgno ambiente escolar. No Brasil, os
computadores pessoais comecaram a ser utilizade®p® dos anos 1980, em pequena
escala e sofrendo grandes restricbes para o seaviddgmento e comeércio. Em 1979,
0 governo brasileiro criou a secretaria especiahftematica (SEI), e um ano depois, a
comissao especial das ciéncias da computagdo neagEdu (comissao especial 1:
Informatica e educacdo CE-IE). Como resultado dbalho dessa comissdo em 1981 e
1982 foram realizados os primeiros seminarios sofi@matica na educacdo em
Brasilia e na Bahia, respectivamente. Nesses seosnaasceram ideias sobre o0s
primeiros projetos para uso da informatica na eghma sendo principalmente
desenvolvidos pelas Universidades Publicas (Camval@ukierman, 2006).

Em 1986, o governo brasileiro criou o Plano Nadigra@a o Desenvolvimento
da Informéatica (PLANIN) e mais tarde (1990) as nig8es para o mercado da
informatica foram revogadas, abrindo o mercado ileies para o comércio dos
computadores pessoais e tecnologias similaresgracutos estrangeiros (Carvalho e
Cukierman, 2006).

E interessante destacar que as modificacdes olssrvanas praticas
educacionais sao resultado de forgas globais.

A educacdo deixou a esfera doméstica, e tornopregressivamente, um tema
central nos debates politicos nacional e intermaticEssa passagem da educacgdo da
esfera doméstica para a esfera publica, com aatidatte que lhe é atribuida nos
processos de desenvolvimento humano, coloca praklesomplexos as praticas e
relacbes no ambiente educacional (Teodoro, 2003isdcada vez mais frequente das
tecnologias da informacgao, por exemplo, possibilim acesso a uma quantidade
virtualmente ilimitada de informac¢des, em uma vielade surpreendente.

Esses efeitos sdo percebidos nos ambitos econésaicial, cultural e politico,
influenciando direta, ou indiretamente professaesstudantesassim como todo o
contexto educacional. A reforma educacional sistémé uma manifestacdo da
globalizac&o que causa grande impacto na formagsiprdfessores bem como em suas
praticas cotidianas (Tatto, 2006). Em grande pa&adeas mudancas sao resultado das
preocupacdes mundiais relacionadas a competitigidead uma economia dindmica e

global.

10



Independentemente do potencial pedagégico do uws® tdcnologias da
informacéo, a forte influéncia que esta demandapeficamente todos 0s momentos
do cotidiano, ja impde ao sistema educacional mdorestudantes com habilidades e
competéncias para a utilizacdo de tais recursos.

A sociedade brasileira esta atualmente estrutigalole uma forte influéncia dos
computadores e suas tecnologias. Como exemplaasl Boi 0 primeiro pais no mundo
a possuir elei¢cdes integralmente eletronicas. doizmo em 1996, as urnas eletrénicas e
a computacdo dos dados produzem resultados em tprogimmo ao real. Ainda no
contexto politico, as tecnologias da informacaofanma da Internet, foram decisivas
na disseminacdo de noticias e possuindo caratemuetinte no resultado de algumas
eleicbes (Alde, 2005). Outros exemplos como o rsigtbancario brasileiro, onde quase
todas as transacdes podem ser realizadas em aenbirenal, ilustra a grande influéncia
das tecnologias da informacao na sociedade brasil@ados crescentes de vendas de
computadores pessoais, especialmente os port@tesso a Internet e inlmeros outros
exemplos poderiam ser utilizados para demonstreern@rio da informatica hoje no
Brasil.

Por outro lado, o sistema educacional brasileira, maioria dos casos,
permanece sob um paradigma anacrorocmle o professor possui o papel central na
transferéncia do conhecimento. Muitas vezes o quadigro € 0 UNicO recurso
pedagogico, com salas de aulas repletas de alundergos periodos de macantes
aulas puramente expositivas (Castro, 1999). Conempbo, podemos discutir sobre o
curriculo tradicionalmente utilizado. Dentre asrig® curriculares, a tradicional,
facilmente encontrada nas escolas, tem como pahfopo identificar os objetivos da
educacdo escolarizada, formar o trabalhador edpeda ou proporcionar uma
educacao geral, académica, a populacéo (HornbBilgae 2007).

Mesmo nesse cenario, varios esforcos ja foram e sendo realizados no
sentido de melhorar a educagédo brasileira. Jaceddéle 1930, com Anisio Teixeira e
colaboradores, varios projetos e pesquisas forasengelvidos para a busca de
inovacdes na educacao brasileira. Podemos menciod#usdo dos pressupostos da
Escola Nova que fomentava mudancas nas filosof@gtécas educacionais da época.

Pesquisadores contemporaneos, seguindo os pregmuplessa época defenderam a
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importancia de profundas atualizacbes para a edachcasileira (Tancredi, 1998;
Giordan, 2005; Tellest al, 2006).

Considerando as reais necessidades de mudancparadgymas vigentes, o0 uso
das tecnologias de informacdo na educacdo vemespaesilo um grande potencial
como ferramenta de auxilio desta transformacéacst&xi muitas discussdes e propostas
sobre o0 uso dos computadores como ferramentas amsfdrmacdo das préaticas
pedagogicas ao invés de um simples meio de produgd&seminacdo do conhecimento
(Castro, 2000). De acordo com o Programa Naciorsah s Computadores na
Educacdo (PROINFO), uma das condi¢cdes essencimasgpaso das tecnologias da
informacdo no ambiente escolar se apoia na disfidaide de bons professores,
qualificados em dois niveis, os educadores e agjuedgpazes de treinar outros
professores para o uso de tais tecnologias. Dessaaf os principais obstaculos
poderiam ser vencidos dentro das salas de aulzanoo os professores capazes de
utilizar integralmente os computadores e seus sesumna sua pratica (Rusten e Suguri,
2002).

O uso das tecnologias da informacéo na educagdddira pode ser encontrado
em registros desde a década de 1960. Nesse momeato, descentralizados e
desconectados, resultado de esfor¢os individuaislglenas universidades brasileiras
(Oliveiraet al, 1995).

Historicamente, o projeto EDUCOM foi a primeiraéagefetiva para o uso dos
computadores na educacao brasileira. Em 1983, arotros foram criados para o
treinamento de professores e a implantacdo de dengres. Esses centros foram
criados em diferentes regides, no Rio de JaneiFR(), em Pernambuco (UFPE), em
Minas Gerais (UFMG), no Rio Grande do Sul (UFRG®neSao Paulo (UNICAMP)
(Oliveiraet al, 1995).

Nesse contexto, na UNICAMP, uma classe com 24dastas, aprendeu
biologia, fisica, quimica, portugués e matematwan quatro computadores e uma
impressora, usando a linguagem LOGO, a partir de albordagem de ensino baseado
em problemas. Alguns anos depois, o projeto foaeglo com mais 15 computadores
e outros niveis de educacao foram inseridos (Qéetial, 1995).

Outra informacao importante pode ser observaddffJ, onde pesquisadores

desenvolveram préticas e softwares para trabatimracfisica, a biologia, a quimica e a
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matematica. Eles selecionaram escolas do ensinto médcidade do Rio de Janeiro
como campo para suas andlises e experimentosogofih central era a integracéo de
professores e alunos tanto da Universidade quantsdola. Como resultado, mais de
100 softwares foram desenvolvidos para o ensinrendizado das ciéncias naturais e
da matemaética.

Seguindo a mesma perspectiva, na UFMG, o trabaiiolveu professores de
biologia, de geografia, de portugués, de matematicde fisica, além de muitos
pesquisadores na area da educacao (pedagogiafifilessociologia). Quatro eram o0s
objetivos: equipar escolas, desenvolver softwdremar professores incluindo o uso na
educacao especial (Tavares, 2009).

Ja em Pernambuco os pesquisadores buscaram tp@iofessores, avaliar
softwares educativos e analisar o uso do LOGO cmomocao de aprendizagem. Em
1981, a Faculdade de Psicologia da UFRGS, atrawédalobratério de Estudos
Cognitivos iniciou estudos sobre os computadoresdogacdo submetido a abordagem
Construtivista. O projeto EDUCOM foi fundamental integragcdo com outros centros
de estudo sobre o uso de computadores na educadgémbalho da UFRGS incluiu o
treinamento de professores com bases construiyidéamesma maneira que o uso do
LOGO, como ferramenta educacional nos ambientedagss. Cabe ressaltar também,
a implementagcédo de um curso de graduacgdo e pégegpaa na area de informatica e de
educacdo. A UNICAMP e a UFRGS foram pioneiras nesa@po, € sao hoje
importantes centros de desenvolvimento e de pesgoilsre tecnologias da informacgéao
no ambiente educacional.

Em 1990, um projeto sobre as tecnologias da irdgém no cenario educacional
produziu um grupo de trabalho no Instituto Brasilaie Tecnologias em Informatica.
Desse grupo, varias idéias surgiram relacionadasaalas tecnologias da informacéo
na educacao. Dentre elas, podemos destacar o m@gita acompanhamento de 17
escolas envolvendo aproximadamente vinte mil estedaem cursos intensivos. O
programa se desenvolveu nas cidades de Recifeaidd éNde Fortaleza (Jurerahal,
1996). Considerado como um programa bem sucediduilmoiu para a formacéo de
muitos professores sob uma perspectiva da pedadadgidormatica.

No final dos anos 1990 ocorreu uma importanteer@nicia que buscava discutir

especialmente os softwares educativos. A confeaénbamada de “Educacdo em

13



Bytes” foi realizadapela Universidade Federal do Rio de Janeiro, pautr o papel
dos softwares educativos como ferramentas parasio®e a aprendizagem. O evento
se concentrou no desenvolvimento, na avaliacaoimplantacdo dos softwares. Nessa
época, e até mesmo nos dias de hoje, empresas seavdlyimento produziam
softwares educativos com animacdes, cores, somsydm sem bases pedagodgicas
definidas (Campos, 2005; Giordan, 2005; Hannan5R00

Dados sobre avaliacdo de software sdo escassdmnoss de dados cientificos
brasileiros. O desenvolvimento de softwares edooats € um campo emergente no
contexto da educacdo, e alguns grupos de pescuis@&m desenvolvendo novas
metodologias, assim como buscando estratégias gpaiacao destas ferramentas.
Como exemplo, a Universidade de Mogi das Cruzes wdesenvolvendo novas
abordagens para interatividade e design de novibsases educacionais (Barret&d
al., 2003).

Outro exemplo pode ser visto na faculdade de @énda Computacdo da
Pontificia Universidade Catdlica do Rio Grande dal 8studantes da graduacado
desenvolveram diversos softwares educacionais @@databra” (1993), “Gutemberg”
(1994), “Tunel do Tempo” (1995)). Atualmente, essesmo grupo vem trabalhando
com metodologias de desenvolvimento e de engentlarsoftware, especificas para o
contexto educacional (Giraffa, 1999).

Durante a década de 1990, outras universidadestes de pesquisa brasileiros
se envolveram no desenvolvimento de softwares @dasaO programa de Ciéncia da
Computacdo na COPPE/UFRJ desenvolveu dois softwasedtado de pesquisas sobre
0 uso das tecnologias da informagdo na educacdOMWLEC”, multi editor
colaborativo para educacéao (Tornaghi, 1995) e @éHAutor’”, um ambiente para
desenvolvimento de aplicacbes hipermidia (Breitmi@93). Ainda na mesma época, a
Universidade de Santa Catarina formou um grupoedgysa em software educacional
chamado de “NUCLEO”, com mais de 14 softwares pzaths (Breitman, 1993;
Tornaghi, 1995).

Em 2000, a UNICAMP e a Universidade de Sao Franai®senvolveram um
software para a producdo de estorias usando codgras em um teatro virtual
(Oliveira e Baranauskas, 2000). O teatro é tradalimente defendido no contexto

educacional como um promotor da criatividade, dagimacdo, da interpretacdo, da
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concentracdo e da expressao. As criancas passaer @w um mundo passivo quando
expostas aos conteudos da televisdo (De OliveiBaranauskas, 2000). Atividades
teatrais podem ser criadas através dos computadoess criancas podem trabalhar
individualmente ou coletivamente. Esse é um intene® caso da utilizacdo de
ambientes virtuais criados por computadores egftwares com grande sentido ludico.

Outro estudo realizado na cidade de Santo André® (Sa&ulo) em 2006
descreveu o uso de computadores no ensino fundalmemiédio. Sessenta e quatro
escolas publicas e privadas participaram do estkdoam analisadas as seguintes
caracteristicas: numero de laboratérios de infdomdte quantos realmente
funcionavam, uso dos computadores pelos estudasé@s como outras caracteristicas.
Somente quatro das sessenta e quatro escolasdesgtut#o possuiam laboratorios de
informaticg embora todos fossem inadequados quanto ao edpagod equipamentos.
Além disso, os pesquisadores relataram problemasamutencdo dos computadqres
assim como baixo nivel de treinamento do corpo mteceNao foi relatado o uso de
softwares educacionais em nenhuma das escolasadatu@Aradjo e Goulart, 2006).
Outro estudo conduzido na cidade de Taguatingasaoab ensino da mateméatica em
nove escolas. Somente em uma delas havia labaratérinformatica, neste caso, trés
outros laboratorios foram implementados, mas timesaus equipamentos furtados. Os
dados também apontaram a baixa manutencao e eauipmsrinadequados. Dos vinte
computadores no laboratério de informatica, trésavesn fora de uso. A razao
computador/estudante nesse caso foi 0,3. Someéte dos sete professores de
matematica das escolas estudadas apresentavaantegito satisfatorio para o uso dos
computadores (Silva, 2008).

Esses resultados mostram grandes disparidades asitrdiferentes regioes
brasileiras e a dificuldade de se estabelecerigadipublicas efetivas para o uso das
tecnologias da informagdo no ambiente escolar. Mdids educacionais brasileiros
apresentam grande variacdo regional. De fato, asiaga e a implementacdo de
laboratorios de informatica séo processos carasudo, isto € somente uma face do
problema, e talvez, o de menor complexidade. Ctgraprofessores e tornar tais
praticas comuns no dia a dia da sala de aula sseypam como obstaculo de dificil
superacao.
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Infelizmente, existem problemas na formacéo efete@rofessores assim como
as suas condi¢Bes de trabalho (baixos salario¥neia em sala de aula, recursos
pedagogicos restritos). Algumas acdes poderiantogeadas no sentido de melhorar
tais problemas. O Fundo para a Manutencao e Delsemento da Educacéo Basica e
Valorizagcdo dos Profissionais da Educagédo (FUNDEgulada pela lei 1.494/2007
(disponivel emhttp://portal.mec.gov.br/seb/arquivos/pdf/Fundeiefleb _mp.pdftraz

algumas importantes medidas para a melhoria dasligims de trabalho dos
professores, incluindo, fundos para aumentar @sisa) o treinamento permanente e 0s
equipamentos escolares.

Outros exemplos podem ser encontrados em algus®scute graduagéao e
licenciatura em Educacdo que incluem a educacaeanputadores como parte do
curriculo. Esse € o caso da Universidade de Sam<Cque possui em sua grade
curricular a disciplina “informatica aplicada aa®qessos de ensino e aprendizagem”
para 0os cursos de licenciatura em matematica (Bak03). O Programa de poés-
graduacéo lato senso em Ensino em Biociéncias éeS#wl Instituto Oswaldo Cruz -
FIOCRUZ possui disciplinas de informatica e eduoagdierecidas regularmente.
Mesmo assim, varios dados na literatura brasil@@ntam formacédo de professores
deficiente em relagdo ao uso de computadores (8adnct998; Castro, 1999; Brasil,
2006; Castro e Alves, 2007).

Em um estudo conduzido nos EUA, professores for@imitados a listar os seus
principais objetivos em relacdo ao uso de compuésdpelos alunos. O objetivo mais
prevalente (51%) foi o de estimular o desenvolvitnestes idéias e informagbes. O
segundo mais apontado foi o de auxiliar os estedamh expressao escrita com 44%,
em seguida desenvolver habilidades (37%) e porfpossibilidade de desenvolverem
suas habilidades diretamente em relacdo ao uscodmsutadores (32%) (Becket al,
1999).

Dados recentes mostraram um baixo uso dessas dg@®lno contexto
educacional (Orewt al, 2007). Um abrangente estudo sobre integracaea®lbgias
de informacdo no ensino fundamental e médio reddizaos EUA demonstrou que
apesar de um grande numero de recursos (aproxineatku®,5 milhdes em 1995) estes
eram de modo geral subutilizados. Mesmo sendoiosipios construtivistas a base de

formacdo dos professores naquele pais, o uso dogputadores se mostraram
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essencialmente instrutivistas (Amiel, 2006). Além dm significativo nidmero de
equipamentos obsoletos insuficientes para o fuaon@mto de determinados softwares,
0 seu uso foi essencialmente como editor de téxtog], 2006).

Os dados brasileiros sao infelizmente mais criti@@ntre as escolas publicas,
somente 21% delas possuem laboratérios de infaran&incionais (Inep/Mec, 2008).
Em um estudo realizado no municipio de Niteréi lmyveo mesmo nivel de formacéo
deficiente dos professores, baixa infra-estrutuman cubutilizacdo dos laboratoérios e
computadores existentes. Outro dado apresentadse nestudo mostrou grande
deficiéncia na manutencdo dos laboratoérios e caadpues disponiveis (Castro e Alves,
2007).

Provavelmente, a acdo brasileira mais importantsemtido de melhorar o uso
das tecnologias de informac&o no ensino seja 0 RROIlIntegrado. Esse programa
possui trés dimensdes: 1. infra-estrutura tecnoddornecendo computadores e acesso
a Internet; 2. conteudos digitais, oferecendo @aitis educacionais em diversos meios
e 3. treinamento de professores, capacitacido adakznas escolas para um grande
grupo de educadores incluindo professores, diretom@ordenadores. O objetivo desse
programa era o de equipar e treinar educadoresdas fis escolas publicas brasileiras
até 2010. Em 2008 o numero de computadores implkashesn pelo PROINFO, nas
escolas brasileirasitrapassava os 150000 e mais de 80000 profegsotieham sido
treinados (Agenciabrasil, 2009). Mesmo assim, @mnamentos insuficientes e a
inexisténcia de suporte e as oportunidades comasusgse apresentam como um

importante problema confrontado pelo PROINFO iradgr

2.2.1 Software Educativo

Para alguns pesquisadores da &rea, € a partir ililzagdto de softwares
educacionais que o computador pode se inserirgic@pedagogica (Valente 1993). A
importancia dos softwares educacionais é inquesteinmuito embora outras formas
de insercdo do computador na pratica pedagégicsapotambém ser possiveis. Além
disso, a partir de uma abordagem ampla, todo sadtywade ser considerado como
educacional, desde que utilize uma metodologisoquantextualize no processo ensino-
aprendizagem (Giraffa 1999).

Os softwares educacionais disponiveis podem sdétidide em categorias tais

como: tutorial, exercicio e pratica, simulacaotesisgas hipermidia e jogos educacionais
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(Gladcheff, Oliveira, and Silva 2001). Na mesma @djue muitos investimentos sao
realizados no sentido de equipar escolas e comgarputadores, com poucas
evidéncias de vantagens ou melhora na aprendizagentjlizacdo de softwares
educativos ainda n&o faz parte da rotina dos esteslanos paises desenvolvidos. E
estimado que somente 12% desses utilizem softveai@sativos. Por outro lado, mais
de 50% utilizam computadores para enviar e recebenil, bate papo, pesquisa na
Internet, jogos e para processamento de textos PQZAESA 2003). Dados brasileiros
apontam um percentual ainda menor de utilizacasoftevares educativos (Oecd/Pisa,
2003; Castro e Alves, 2007). De forma geral, expstgca informacgéo sobre a utilizagao
em termos quantitativos e qualitativos desses sesurprincipalmente, em relacdo a
educacao brasileira. Muitos aspectos podem sertaghus na tentativa de compreender
a pequena utilizacdo desses recursos. De modo dimats, podemos imaginar que
poucos softwares sdo desenvolvidos; entretanta, é&stma analise complexa, ja que
deve ser levada também em consideragéo a formagsdordfessores, a disponibilidade
de computadores, além do acesso aos softwaresrggst uma vez que a maioria dos
softwares disponiveis é de lingua inglesa. Coraidir todos os aspectos da inclusédo
na educacdo e a grande diversidade social, ecoad@ialtural do nosso pais, a quase
exclusividade do inglés como lingua presente nfiwaes educativos diminui o acesso
e dificulta a utilizacdo desses recursos.

Software pode ser considerado como uma sequénciastieicbes a serem
seguidas ou executadas, na manipulacéo, no remiesnento ou na modificacdo de um
dado ou evento. Quando essas instru¢cdes sao pmdasspor um computador ou
dispositivo semelhante temos o0s programas de caaput Considerando o0s
computadores como um grande conjunto de circuitavietual capacidade de realizar
infinitos célculos foi necessario o desenvolvimerde uma forma efetiva de
comunicacdo com a maquina. Dessa forma, transfalonassa grande capacidade de
calculo em um conjunto praticamente infinito degilnfidades e de usos. Essa forma
de comunicacdo € denominada como a interface, ggeothomem e a maquina. As
interfaces estdo sob a forma de softwares. Existqueles softwares chamados de
sistema, que possuem funcdo de acesso a maqumagdmo aqueles denominados
aplicativos, usados para fins especificos (editdestexto, planilhas, educativos etc.).
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Na maioria dos casos, o desenvolvimento dessasfaiceés, incluindo os
aplicativos, apresenta grande complexidade. Asugdés devem ser seguidas, segundo
um desencadeamento l6gico livre de erros e/ou es@émesperados. Com isso, ao longo
do desenvolvimento dos softwares uma area espraalifoi criada: a Engenharia de
Software. Além do conhecimento das diferentes khggms de programacdo, a
Engenharia de Software é uma ciéncia envolvidarnogsso de desenvolvimento de
software que pode ser definida como a disciplina iqtegra meétodos, ferramentas e
procedimentos para o0 desenvolvimento de softwarea paomputadores. Mais
especificamente, € um termo usado para a refer&ecimodelos de ciclo de vida,
metodologias de rotina, técnicas de estimativawd#oc estruturas de documentacéo,
ferramentas de gerenciamento de configuracéo,cEsnde garantia de qualidade e
outras técnicas de padronizacdo da atividade ddup@io de software (Sanders e
Curran, 1994).

Embora, os softwares tenham que apresentar qdaliden todos 0s casos,
aqueles utilizados para fins educativos possuerticpiaridades. A sua finalidade
comercial ndo deveria ser a maior preocupacao. Alidpde de um software
educacional envolve paralelamente, as gquestbessaw®wlbgia, em Engenharia de
Software, em Educacgao, em Psicologia e em Ciéogaitiva. Para a elaboracdo de um
software educacional de qualidade, entre outrofsspronais, devemos contar com uma
equipe multidisciplinar que envolva profissionais thformatica, de comunicacéo,
professores de conteudo, de didatica incluindo éambs estudantes. Cada um desses
profissionais, em suas respectivas areas, inclusvestudantes, possui seus proprios
critérios de qualidade, o que torna, sem duvidagvaliacdo mais abrangente e
considerada sob diferentes pontos de vista.

Além dos processos envolvidos na engenharia deaef aqueles considerados
educacionais devem levar em conta principalmentaspectos pedagdgicos e suas
estratégias.

2.2.1.1 — Software e as Teorias de Aprendizagem

Considerando o software educativo como uma feménpara o ensino e a
aprendizagem, se faz importante o conhecimento @itbroomo as pessoas aprendem,
assim como as condicOes necessarias para essdiapgem. Isso inclui, por exemplo,

considerar o papel do professor nesse contextdamAs® longo da histéria, varios
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educadores, pesquisadores, fil6sofos, psicologosat@almente neurocientistas
desenvolveram e discutiram as teorias de aprerehzag

Assim, as teorias de aprendizagem buscam recanaetieamica envolvida nos
atos de ensinar e de aprender, partindo do reconéeio da evolucado cognitiva do
homem, e tentam explicar a relagdo entre o conleedtonpré-existente e o novo
conhecimento. A aprendizagem nao seria apenas efigéricia e construcdo do
conhecimento, mas, basicamente, identificacdo pessoelacdo através da interacéo
entre as pessoas. Os ambientes computacionaisatksi ao ensino e aprendizagem
devem envolver todas essas caracteristicas atdavdéecnologia (Eysenck e Keane,
1994; Pozo, 1998).

Uma breve revisédo sobre as teorias de aprendizagesraplicacdes multimidias
demonstraram que o aprendizado realizado atrav@tatiformas tecnologicas podem
ser classificados em duas linhas de pensamentadates: 0 comportamentalismo e 0
cognitivismo (Squires e Preece, 1999). Ao longoddseenvolvimento das teorias de
aprendizagem e a medida que os educadores forahargdm mais experiéncia nas
tecnologias baseadas em computadores se observautandéncia em direcdo as
estratégias cognitivistas em funcdo das comportt@aiEas. Nesse caso, 0
construtivismo parece oferecer maiores beneficiparéir do uso das tecnologias de
comunicacao e informacéao (Squires e Preece, 1999).

A seguir sera feita uma breve descricdo das paigifgorias de aprendizagem

gue influenciaram o desenvolvimento de softwaresativos.

Comportamentalismo

No inicio do século XX, inspirado por fisiologistaussos John B Watson
publica o seu artig®’sychology as the Behaviorist Views desenvolvendo entdo o
chamado comportamentalismo ou behaviorismo, qusupasna visdo objetivista de
mundo, de sociedade, de homem (Strapasson, 20@8gsBe motivo, a énfase nessas
teorias é baseada em tudo que é visivel e mensuRamra o comportamentalismo o
homem € como umaadbula rasd que vai adquirindo um repertério de respostas par
atender as contingéncias do meio externo. O proassprendizagem se constitui em
funcdo de situacdes de ensino, onde os individéims donstantes reforgos positivos

para respostas corretas. Devemos evitar respastaae para que ndo haja reforco de
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comportamentos errados. Os primeiros softwaresagttutais também se basearam no
comportamentalismo. Ainda hoje, observando maisitateente alguns softwares
educacionais verificamos que muitos ainda adota® fesmato (Garcia, 2003).

Em observancia a isso, 0 neo-comportamentalismo dasnmesmas origens
objetivistas, mas no arcabouco da teoria esta idltses visdo do processo de
aprendizagem também como um evento interno, fretoothplexos processos mentais.
A aprendizagem de habilidades intelectuais obedegma ordem hierarquica que se
inicia com conexdes estimulo-resposta, passandaaueias, conceitos e regras, até
chegar a solugédo de problemas. Qualquer habilidadctual pode ser analisada em
termos de habilidades mais simples que necessieroosnbinadas para produzir sua
aprendizagem (Santos, 1999).

No contexto escolar atual, desde os niveis mamezitares a graduacdo uma
visdo objetivista é incorporada. Isto pode sertri&d pelo crescente uso dos sistemas
de autoria para cursos a distancia. Nesses moplettesnos perceber a reproducédo dos
principais aspectos negativos das aulas presendiadicionais. Particdo do
conhecimento em pequenos blocos de informacéoaseséo do todo, organizados e
unidos de forma muitas vezes desconexa. Os softvalgcacionais do tipo exercicio e
pratica (rill-and-practice e os tutoriais sdo baseados, mesmo que implieriten
nestes conceitos. Observamos que uma familia ae jeducacionais por computador
usam a repeticdo e memorizacdo - pilares do ekereiratica - para que sejam
vencidas determinadas etapas que levam a conaogago (Rocha e Campos, 1993).

Convém lembrar, que entre os behavioristas, pdesivee aquele que mais
influenciou os procedimentos e materiais usadosaede aula no ensino de qualquer
disciplina principalmente nas décadas de 1960 #®i7B.F. Skinner (Moreira, 1999).
Sua abordagem se baseia no comportamento obsed&wdtimulo e resposta, sem
considerar o que ocorre na mente do individuo deranprocesso de aprendizagem.
Além disso, em sua perspectiva Skinner coloca geasino sé ocorre quando o que
precisa ser ensinado pode ser colocado sob o tordeo certas contingéncias de
reforco. Sendo o papel do professor no processtruaisnal o de conseguir
contingéncias de refor¢co. Assim possibilitando omentando a probabilidade de uma
resposta correta.
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Por outro lado, existem varios criticos do behasiono, dentre eles, Noam
Chomsky que apresentou uma suposta limitacdo dgp@damentalismo para modelar
a linguagem, especialmente a aprendizagem. O Bmigvb ndo pode explicar bem
fendbmenos linguisticos como a rapida apreensamgaagem por criangas pequenas.
Chomsky afirmava que, para um individuo respondena questdo com uma frase, ele
teria de escolher dentre um numero virtualmentmitof de frases qual usar, e essa
habilidade ndo era alcancada perante o constdoteamento do uso de cada uma das
frases (Chomsky, 1967).

Cognitivismo

Dentro da categoria cognitivista se distingue asfas de aprendizagem
baseadas na inteligéncia artificial e no constigrio, que explica o aprendizado como
sendo um processo ativo de construgdo via ass#oilagcomodacdo e auto-
reorganizacdo (equilibrio). E importante notar témba influéncia social da
aprendizagem, onde os aprendizes podem colabopattia de trabalhos em grupos,
realizando praticas comuns através da linguageemcas, experiéncias entre outras
(Gomes, 2008).

Sabemos ainda, que nas teorias de fundo consstatitemos duas visdes - 0
construtivismo de Piaget (chamado de epistemolggigética) e o construtivismo de
Bruner. Piaget desenvolveu uma teoria na buscapleEa a génese do conhecimento.
Por outro lado, para Piaget, todos os individuaiependentemente da cultura, da
estratificacdo social experimentam o mesmo procdsstesenvolvimento, que ocorre
em 4 estagios: sensoério-motor, pré-operatorio, ampemal concreto e das operacdes
formais, razdo dos estagios anteriores e de tamtepso de desenvolvimento (Moreira,
1999).

Nesse sentido, para Piaget aprender é atuar salineto da aprendizagem para
compreendé-lo e modifica-lo. Assim diante dessejdirge o outro conceito chave - a
aprendizagem ativa. Como aprender é uma continaptagho ao meio externo,
aprendemos quando se entra em conflito cognitivseja, quando ha o confronto com
uma situacao que nao se sabe resolver. Com is8ganismo se desequilibra frente ao
novo, resultando na busca pelo equilibrio. Par@rrar o equilibrio, ha um processo

de adaptacdo. Em outras palavras, adaptacdo €@spoopelo qual o sujeito adquire um
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equilibrio entre assimilacdo e acomodacdo. A aksjdn se refere a introjecdo de
conhecimentos sobre o meio e a incorporacdo aoumimnjde conhecimentos ja

existentes. Através da incorporacao, a estrutureodbecimento existente se modifica
de modo a acomodar-se a novos elementos - tal iceghb € denominada

acomodacdo. Ja o equilibrio (auto-reorganizacao) grocesso de organizacdo das
estruturas cognitivas num sistema coerente, irpertente, que possibilita ao

individuo a adaptacéo a realidade (Gomes, 2008).

Dessa forma, € a partir desse entendimento quéuas@es de aprendizagem se
baseiam em jogos e desafios, nos quais o sujaladréntado com um problema novo
para resolver.

E interessante ressaltar que a influéncia mais fitape do construtivismo de
Piaget sobre o uso das tecnologias de informadédeztaeja a linguagem LOGO. O
ambiente LOGO tradicional envolve uma tartarugdicgaum robé para responder aos
comandos do usuario. E uma vez que a linguagetemiatada e interativa, o resultado
€ mostrado imediatamente, apds a digitacdo do abmnamcentivando o aprendizado.
Nela, o aprendiz aprende com 0s seus erros, apwveleciando e tendo que repassar
esse conhecimento para o LOGO. Com isso, € posstledenvolvimento de uma linha
de raciocinio errada, que é percebida clarameesejtando na reflexdo e busca pela
solugéo do problema. Contudo, a linguagem LOGO semesenvolvendo ao longo dos
anos. Inicialmente, os comandos em sua maioria egmtura € o desenho, e até
recentemente com a possibilidade de utilizacdo atmulas, textos dentre outros
(Papert, 1985 ).

Outro exemplo de software educativo com base aanssta é o “ETOYS”, que
€ um ambiente de programacédo visual possibilitamldoos e professores a criarem
aplicativos de acordo com as suas necessidadesAQEE). O seu uso se da a partir de
uma abordagem instrucional para ensinar programatéaves de aulas expositivas
sobre sintaxes de programacdo e constructos, segeigraticas que necessitam do
entendimento e aplicacdo dos conceitos e técnigplicadas durante as aulas
expositivas. Vale dizer que suas primeiras sinta&sparticularmente pouco efetivas,
considerando a pouca ou nenhuma experiéncia dagioasiwsobre as linguagens de
programacao. Contudo, & medida que as abordagemeledizagem construtivista vao

sendo utilizadas (intrinsecamente), problemas dgramacéo, assim como complexos
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aplicativos sao desenvolvidos pelos usuarios maperentes (Lee, 2011). Dessa
maneira, de acordo com o aprendizado cognitivesalucao de problemas complexos e
tarefas em situacdes reais ndo sao simples paaresdizes novatos, sendo necessaria
a observacao e a intervencédo e auxilio dos prafessBor outro lado, sdo observadas
vantagens no raciocinio l6gico-matematico e leituescrita. Outro fator relevante é a
possibilidade do desenvolvimento de tarefas colh@s entre novatos e aprendizes
mais experientes resultando em vantagens para ainblgmos aqui o contexto social,
também importante no aprendizado.

J. S. Bruner trabalhou em uma teoria de desemaehio cognitivo e uma teoria
de aprendizagem. Sua teoria de desenvolvimentoitos@gm@presenta assemelha, em
linhas gerais, a teoria de Piaget, por contemplapeendizagem por descoberta
(Moreira, 1999). Seu enfoque é a exploracdo denaligas e o curriculo em espiral.
Nesse contexto, o conceito de exploracédo de atteasgpressupde que o ambiente ou
conteudo de ensino deve proporcionar alternativeas jgue o aluno possa inferir
relacbes e estabelecer similaridades entre assid@mesentadas, favorecendo a
descoberta de principios ou relacdes. Por suaoveatriculo em espiral permite que o
aluno veja o mesmo topico em diferentes niveis defupdidade e modos de
representacéo (Moreira, 1999).

Seguindo nessa perspectiva, podemos também menaipma Hipermidias
educacionais com navegacao por descoberta e al@dgdie busca em banco de dados
na Internet estdo baseadas no construtivismo deeBriWarinet al, 2011). Bruner
exerce influéncia nos pesquisadores em educacawé&pra os computadores como
ferramenta cognitiva, que sao produtos de softwheseados na potencialidade do
computador em amplificar, estender e enriquecergnicdo. Sendo assim, esses
softwares teriam como objetivo principal a facgéa da aprendizagem, néo veiculando
necessariamente contetdos curriculares, mas apoiandesenvolvimento de meta-
habilidades cognitivas, como por exemplo, tomada d#eisdo, estratégias de

desenvolvimento de projetos.
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Sécio-Interacionismo

Diferentemente de Piaget, que supde a equilibragm um principio basico para
explicar o desenvolvimento cognitivo Vygotsky swgeue o desenvolvimento nao
pode se entendido em paralelo com o contexto sedaltural (Moreira, 1999). Além
disso, Vygotsky busca compreender os mecanismogsknvolvimento cognitivo nao-
produtos dos estagios do desenvolvimento como pevpm Piaget e Bruner (Moreira,
1999).

Vale dizer que os pontos principais do sécio-imier@smo que impactam o
desenvolvimento de situacdes de aprendizagem sdao: dprender estd fortemente
condicionado pela cultura e pela interacdo so@alp desenvolvimento cognitivo é
limitado a um determinado potencial para cada vaterde idade (Zona Proximal de
Desenvolvimento) e 3. o desenvolvimento cognitiempleto requer interacao social.
Existindo uma zona de desenvolvimento proximal.

E € nesse contexto que os ambientes computacideaprendizagem cooperativa
podem ser vistos como formas de aplicacdo dos iproscde Vygotsky - zona de
desenvolvimento proximal, cooperagdo entre pargsaromais capaz. Atualmente o
fendbmeno das redes sociais, educagdo e cooperac@mpser discutidas sob uma
perspectiva Vygotskyana (Vygotski, 1991).

Diante disso, considerando as peculiaridades s#cas aos produtos educacionais
baseados nas tecnologias de comunicacdo e infoomaga imprescindivel o
conhecimento dessas teorias para que a melhotégsiracapaz de fundamentar a
aprendizagem e garantir a efetividade desses m®ddja adotada. Além disso, a
utilizacdo de um ou mais pressupostos tedricosersesmteriais resultam em claras

vantagens educacionais (Lee, 2011).

2.2.1.2 — Classificacdo e Desenvolvimento de Software Educacional

Classificacéo
Os softwares educativos podem ser classificadadiviesas maneiras, e ainda
nao existe uma classificagcdo amplamente aceites placadores e desenvolvedores

(Hinostrozaet al, 2000). De modo geral os softwares podem ser ifitagks por
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assunto, por tipo, por paradigma educacional, acdedo com o0s sujeitos. Dentre os
mais observados temos a classificacdo por tipo re ppoadigma educacional. A
classificacdo por tipo informa se o software é wgoj uma simulagdo, exercicios,
tutoria dentre outros; por outro lado, o paradiggdacacional pode ser construtivista
dentre muitos outros (Hinostroza e Mellar, 2001, 2011).

Sabemos ainda, que os softwares educacionais peetetdesenvolvidos a partir
de filosofias claras, resultando em classes olggtiou da mesma forma, serem o
resultado de uma combinacdo de varias destas slasseluindo paradigmas
educacionais e tipos de softwares.

Nesse sentido, considerando a subjetividade da saftware quanto ao seu
paradigma educacional intrinseco, e a possibilidimke diferentes tipos favorecerem
uma ou outra teoria de aprendizagem, existem alfjpos mais comuns de softwares

educacionais que serdo descritos a seguir:

Tutoriais: Sdo softwares que apresentam conceitos e instrygée realizacdo de
tarefas especificas. Esse tipo de programa € mhalipara qualquer pessoa, pois permite
a repeticdo das licbes quantas vezes forem neiesssAr desvantagem observada
muitas vezes pela dicotomia “Desenvolvéder Educador”, é que os conceitos se
limitam ao enfoque da equipe de desenvolvimentataniwezes n&o coincidindo com a
necessidade e abordagem do professor. De modopgessailem grandes quantidades de
conteudo podendo sexplorados em uma sequéncia pré-definida ou deafaréo-
linear. E por exemplo nesse caso, que os paradigthascionais podem se inserir no
software educacional. Os tutoriais apresentam biaibexatividade e podem tender a

passividade excessiva por parte do usuario.

Exercicio ou pratica:Estes programas sdo utilizados para revisar ceadotque foi
visto em classe, especialmente aquele que envoleamonzacdo e repeticao,
apresentando exercicios logwm inicio. Requerem resposta imediata do aluno, e
fornecem também uma resposta imediata. Exploraaciaisticas graficas e sonoras

do computador. Sdo também indicados para permigr @s alunos mais avancados

1 . .
Desenvolvedor: refere-se a alguém que faz programae computadores e desenvolve software.

26



possam progredir na matéria em ritmo mais acelemaenesmo permitir que alunos
defasados possam alcancar os outros, trabalhamdodéo horario normal. Uma das
vantagens do uso desge®gramas € o fato do professor dispor de umaidafte de
exercicios que o aluno pode resolver, de acordo @msBu grau de conhecimento e
interesse. Esse modelo de software apresenta grghacia do comportamentalismo
como paradigma socioldgico e de aprendizagem.

Softwares de demonstracad®ao programas que permitem apresentar leis fjsicas
formulas quimicas, conceitos matematicos, etc. vBsadessas demonstracdes é
possivel incluir graficos, sons e outros efeitogeemis. De modo geral, o nivel de
interatividade é baixo, ja que permitem apenasaalizacdo das demonstracdes, sem a
interferéncia do usuario. Entretanto, alguns desleadores com formacdo em
educacéo véem apresentando preocupacfes em ralag@vatividade nessa classe de
produto. Se por um lado as demonstragbes apresetafiorma mais objetiva e
concreta idéias e conceitos de dificil assimilacao,interatividade seria uma
caracteristica adicional desejavel, conferindo emamente maior efetividade na

aprendizagem.

Simulagdo:Permitem a apresentacdo de modelagens de um @istemituacao real,
utilizam gréficos e animacgfes e possuem alta codualde de programacéo. Existem
varios niveis de simulacdo, dependendo do fendrsitma¢ao simulada e do algoritmo
utilizado. S&o programas muito interessantes e @@ando ndo € possivel realizar a
experiéncia real. Oferece um ambiente exploratéoogde o usuario/aluno pode
interferir e comprovar em seguida as consequUéndias.teorias cognitivas de
aprendizagem se utilizam, muitas vezes desse magekpftware. E incluida muitas
vezes, a possibilidade de trabalho colaborativqu® agrega uma série de vantagens

educacionais.

Jogos:jogos educacionais se baseiam numa abordagendiaigida, isto é, aquela em
que o sujeito aprende por si s6, mediado pela Bestzode relagdes e da interagdo com
o software. A utilizagdo de jogos educativos nanBode software proporciona ao aluno

motivacdo, desenvolvendo também habitos de pearsiatého desenvolvimento de

27



desafios e tarefas. Autonomia, criatividade, oajdade e a possibilidade de simular e
experimentar situacdes sao favorecidas neste modlglartir da utilizacdo de jogos o
professor tem o papel de moderador, mediador doepsn, dando orientacdes e
selecionando softwares adequados a sua praticagdmda. Além disso, as teorias

cognitivas sdo também muito aproveitadas nos jedasacionais.

Desenvolvimento — ciclo de vida de software educanial

O desenvolvimento de softwares educacionais, indtui todas as suas
peculiaridades pedagogicas segue as etapas apoptldaé&Engenharia de Software. De
modo geral, um ciclo de vida de desenvolvimenteafvares compreende as seguintes
fases: andlise, projeto, codificagdo, avaliacd@eutencéo.

As decisdes pré-projeto relacionadas a solucdo@arablema que o software
educacional ira resolver, definindo inclusive o @&nte educacional estao relacionadas
a fase de analise. Ja dsfinicdes sobre o plano de desenvolvimento dowsoé
educacional (especificagcédo, design, diretrizemntrface) sdo estabelecidas na fase de
projeto. E nessa fase que se deve usar algum nod¢balo para suporte da
modelagem. A codificacéo se refere a escolha dafptena de hardware e software que
o software educacional vai ser implementado e anspkementacéo propriamente dita.
Posteriormente é feita a definicdo dos critérioragcos de avaliacdo do processo de
desenvolvimento e do produto (avaliagdo) e a magéte onde é feita implantacéo e
controle das versdes do software (Campos, 2005).

O desenvolvimento de softwares baseados na EnggrleaSoftware contribui
para a qualidade final do produto e toda a eficé&wmio processo, desde a criacao,
planejamento e execucdo (Squires e Preece, 1989%ritérios de qualidade de um
software “comercial” apresentam significativas difecas em relacdo aqueles
educacionais. Nesse caso devemos considerar asplectsso do professor, da relacao
de ensino, da aprendizagem dentre outros. NesdextonCampos (2005) destaca
alguns critérios que devem ser considerados sobntopde vista da qualidade do

software educacional:
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- Possibilidade de correcé@o de contetido (Alteralaitie) - Existéncia de mensagem de erro

- Facilidade de leitura da tela (Amenidade ao uso) (Amenidade ao uso)
- Clareza dos comandos (Amenidade ao uso) - Acesso a helps (Amenidade ao uso)
- Independéncia da linguagem (independéncia do - Existéncia de manual do usuario
ambiente) (Amenidade ao uso)
- Adaptabilidade ao nivel do usuario (Eficiénciado - Uso de ilustracdes (Amenidade ao uso)
processamento) - Uso de cor (Amenidade ao uso)
- Adequacéo do programa ao nivel do usuarioTempo de exposi¢céo de telas (Amenidade ao
(Validabilidade) uso)
- Facilidade de leitura do programa (Clareza) - Uso de animacédo (Amenidade ao uso)
- Auséncia de erros no processamento do programa - Existéncia de geracdo randémica de
(Correcéo) atividades (Amenidade ao uso)
- Adequacédo do programa as necessidades curricsilare - Uso de recursos sonoros (Amenidade ao
(Rentabilidade) uso) (Campos, 2005)

- Independéncia de hardware (Independéncia do
ambiente)
- Existéncia de recursos motivacionais (Amenidagle d
uso)
- Previsdo de atualizacdes (Validabilidade)
- Auséncia de erros de conteldo (Validabilidade)
- Possibilidade de incluséo de novos elementos
(Alterabilidade)
- Resisténcia do programa a respostas inadequadas
(Robustez)
- Adequacéao do vocabulario (Amenidade ao uso)
- Fornecimento de feedback (Amenidade ao uso)
- Apresentacdo dos escores aos alunos (Validakiéjla
- Uso do tempo do equipamento (Rentabilidade)
- Integracdo do programa com outros recursos
(Rentabilidade)
- Capacidade de armazenamento das respostas
(Eficiéncia do processamento)
- Existéncia de tratamento de erro (Amenidade ax us
- Controle da sequiéncia do programa (Amenidade ao
uso)
- Diagramacao das telas (Amenidade ao uso)
- Tempo de resposta (Eficiéncia do processamento)
- Existéncia de ramifica¢gfes para enfoques altévioat

(Amenidade ao uso)
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2.2.2 Efetividade das Tecnologias da Informacédo na Educagéo

Na “Sociedade do Conhecimento” onde as tecnologiasinformacéao
permitem n&o apenas uma enorme capacidade de araragato e
processamento de informacdes, mas também um meicodainicacdo e de
producdo de novos conhecimentos, observamos a iggmsle novos desafios a
educacdo escolar. Vale dizer, que ao concluir ackd@io Basica, o MEC
estabelece que aluno apresente o dominio efetivalitbrentes linguagens; a
compreensdo dokendmenos naturais, histérico-geogréaficos e dasifastacoes
artisticas; a capacidade de construir e aplicarcewas de diversas areas do
conhecimento; enfrentar situacdes-problema e eblabpropostas de intervencéo
solidaria na realidade (Mec, 2009b). Assim, as téogias da informacao podem
ser empregadas como meios de auxilio as atividpddagodgicas, como também
tornam o processo de ensino-aprendizagem uma atleidmais motivadora,

dinamica e interativa para os alunos (Castro e $\|\28907).

Nessa perspectiva, na educacdo, o computador pode ®mo uma ferramenta
de busca, processamento e armazenamento de inflmagde modo mais ativo, criar
um ambiente para que um software educativo sejzado. Cabe ressaltar que a
informatizacdo do processo ensino-aprendizado ft@oaanecessariamente as praticas
pedagdgicas correntes com o computador. Nesse s&rs@ como meio para transmitir
informagbes ao aluno. Além disso, o computador corfezramenta de
busca/processamento/armazenamento de informagdéerta possui papel importante,
ndo sO nas préticas educacionais, mas em muitess@reas. Ainda nesse sentido, varias
atividades podem ser propostas e muitas habilidpddsm ser desenvolvidas com ou

sem estratégias educacionais bem definidas.

E interessante destacar que o uso das tecnologiasnfdrmacio e da
comunicag¢do no ambiente académico/escolar € um aempéo considerando o grande
namero, ja existente, dessas tecnologias, assino coseu grande desenvolvimento. O
uso do computador por um aluno, ou em seu ambistelarper se,ja poderia ser
considerado como uma forma de uso da tecnologimfdemacdo. Nesse sentido, o

programa “um computador por aluno” mundialmenteimiido seria um exemplo. Da
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mesma forma que, simplesmente usar um computadde pao representar nenhuma
vantagem objetiva para a aprendizagem do alunolgQeraque seja a tecnologia

envolvendo ou ndo a informatica deve ter basesgoeitzas bem definidas.

Ainda sob o ponto de vista de tecnologia como “pgmento”, podemos
destacar o uso do Quadro Branco Interativol(®eractive Whiteboard - IWBque
no cenario mundial vem ganhando destaque e querasilBambém é&onhecido
como Lousa Interativa. Seu uso associado aos lapgefudantis vem produzindo
experiéncias exitosas de ensino e ganhando cadamaéz adeptos em paises
como Inglaterra, Espanha, Estados Unidos, Canadé&irdlia e Nova Zelandia.
Vale dizer que o Quadro Branco Interativo vem sestremdo uma ferramenta
com alto grau de aceitabilidade e de satisfacdo pzote dos professores, e é
capaz de promover uma relacdo mais dialégica emmrafessor e aluno,
incentivando a construcdo colaborativa do conheontme(Armstrong, 2005;
Hennessy, 2007; Hennessyal, 2011)

Outras tecnologias estdo disponiveis como o usoedes, permitindo a
aprendizagem colaborativa, através de dispositipostateis semelhantes a
controle remotos utilizados pelos alunos possildo respostas em tempo real,
bem como, uma maior interatividade em sala de dUlaantafyllakos et al,
2011). Outros autores vém também relatando o usdrdblets como tecnologia

portéatil, e uma série de vantagens associadasdgFetral, 2011).

Os softwares também se inserem no contexto dasléggas da informacéo e sua
possibilidade de aplicacbes no ambiente escolara Bljuns autores é através da
utilizacdo dessas ferramentas que as teorias atéggts de aprendizagem poderiam ser
integralmente exploradas (Valente, 1995; Valattal, 2001).

No entanto, mesmo apresentando grande potenciad éemamenta facilitadora
do processo de ensino e de aprendizagem, o acelssnsaoftwareseducacionais €
limitado posto que a producéo nacional € incipie@ates estrangeiros, muitas vezes nao
sdo adequados as realidades sdécio-econémicasicgmlitinglisticas e educacionais

brasileiras.
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Ainda dentro dessa perspectiva, observamos quesvpesquisadores da area da
educacao apontaram vantagens na utilizacdo dossoscda informatica, especialmente
dos softwares educacionais como ferramentas Utess relacbes de ensino e de
aprendizagem (Fitzpatrick 2004; Wegerif 2004; RhiMcClean et al. 2005; Debard et
al. 2005; Tadmor and Tidor 2005; Meir et al. 20(@ado interessante foi observado nos
Estados Unidos, onde relatos sobre o uso de angmayd estudo da Biologia Celular e
Molecular, apontam rendimento superior dos alunoando comparados a outros,
apresentados ao mesmo assunto, porém com ilustragtiicas (Stith 2004).

Nesse sentido, pesquisas sobre aprendizado mogtrara percepcao visual € o
sentido mais desenvolvido no ser humano, sendooeuntda importante via de
aprendizado. A visdo permite a coleta e o processamdas informagfes vindas do
ambiente, e como conseqUéncia teremos a tomadect®es e a formacdo de conceitos
(Phillip McClean et al. 2005). Isto reforca o granmgbtencial dos computadores nesse
processo, em virtude da utilizacdo dos recursoBiglrmidia, que une os conceitos de
hipertexto e multimidia, visto que um documentoehipidia contém imagens, sons,
textos e videos e sua principal caracteristica @assibilitar a leitura n&o linear de
determinado contelddo, sem que exista necessar@mérib, meio e fim.

Dentro desse contexto, é interessante mencionge, og recurso amplamente
utilizado no desenvolvimento de softwares educaisoé a animagado — a representacao
de fenbmenos e conceitos através de esquemas, figudas animadas. Dados da
literatura sugerem maior efetividade na aprendiragpiando esses recursos s&o
utilizados (Baraket al, 2011). Em uma meta analise, 26 estudos que aemoltna
possibilidade de 76 comparacdes (visualizacdo dozém estatica), foram analisados
indicando uma significativa vantagem na aprendizageo sentido da visualizagao
dindmica. Segundo os autores, esses resultadosamstde acordo com as teorias
cognitivas e de aprendizado multimidia (Hoffler eutner, 2007). Véarios sdo os
exemplos sobre o uso de softwares no ambiente @dnef em varias areas do
conhecimento. Wangt al, (2011) examinaram o impacto do uso de intecdie e de
animacdes na aprendizagem da estatistica. Nesee a&amnimacao interativa se deu
através do uso do Adobe Flash sobre os elemerttosglumorios da estatistica (Wamg
al., 2011).
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Por outro lado, o uso das tecnologias da informag& ambiente educacional
merece ainda uma discussdo mais aprofundada. Cexjgte, muitas vezes, € uma
percepcado de vantagens atribuidas ao seu usodogmetstudos sistematicos ainda devem
ser realizados. Observamos que programas do gowanmedor do mundo, tém investido
nesse sentido sem, no entanto, apresentarem commcidas reais vantagens e eficacia
dessas tecnologias na escola.

2.3 AFARMACOLOGIA COMO MODELO DE INTERDISCIPLINARI DADE
Breve historico

Existem varios registros historicos do conhecimetids efeitos benéficos ou
toxicos de plantas e animais por povos antigos niaaCe Egito antes da era crista
(Scheindlin, 2001). Os primeiros acervos terapéate&ram documentos que refletiam as
tradicbes misticas, religiosas e médicas da saiéedatiga. A Farmacologia surgiu da
necessidade de melhorar a qualidade da interveag@méutica dos meédicos que, naquela
época, eram proficientes na observacao clinicagndstico;entretantojncompetentes
guando se tratava de terapia. Mesmo a partir dess@isecimentos tdo antigos, a
Farmacologia surge como ciéncia em tempos recemtesjomento em que o homem
tenta explicar os fendmenos bioldgicos sob a @icaxperimentacdo e da observacdo. E
interessante lembrar que no final do século XVlimhieio do XIX, Francois Magendie e
depois seu estudante Claude Bernard desenvolveratodos de fisiologia e
Farmacologia experimental, resultando em grnande avanco destas ciéncias. A partir
desse periodo, com os avancos da quimica, da biaguie da biologia molecular a
Farmacologia se desenvolveu de modo a tornar mbssivestudo das interacdes
moleculares entre drogas e seus receptores, sesivgie efeitos, além da possibilidade

de prever outros, indesejaveis (Brunétral, 2006; Katzung, 2006).

Em 1905,Langley, propde pela primeira vez o conceito deptares para os
mediadores quimicos (Langley, 1905). Desde entdamdtado o desenvolvimento de
novos métodos, que possibilitaram melhores contestios sobre mecanismos de acéo
dos farmacos, e abriram caminho para novas moddtaséculo XX, houve o inicio do
periodo da quimica sintética, e junto com ela foiregradas novas classes de farmacos,

e outros novos de classes antigas foram integrédeesse periodo que temos o inicio da
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guimioterapia antimicrobiana e do tratamento deudisos psiquiatricos. Além disso,
novas tecnologias de sintese, de caracterizac@ padejamento de novas moléculas
possibilitaram o aparecimento de farmacos cadanag aprimorados, mais especificos,

e com menos efeitos adversos.

Farmacologia e Interdisciplinaridade

As ciéncias basicas que compreendem o curriculocméntiuem entre outras a
anatomia, a fisiologia, a bioquimica, a biologialesalar, a microbiologia, a imunologia
e a Farmacologia. O desenvolvimento dessas e adisemplinas seguiram um padrao
semelhante. Disciplinas antigas resultaram em nalgamas desapareceram, outras se
fundiram. Mesmo com a nocdo de medicamentos eé&etiap sendo muito antiga, a
Farmacologia moderna como disciplina se estabelsaeiente no século XVIII, a partir
do desenvolvimento da quimica.

Nesse sentido, no final do século XVIII, os prina§pgerais da terapéutica eram
ensinados através de uma disciplina chamaateria medicagdestinada ao entendimento
da origem, da preparacdo e da aplicacdo terapédéiceompostos medicinais. Além
disso, as informagbes eram organizadas em numexadosies sobre plantas e suas
partes, formas de extracdo, uso e propriedadescmadi que eram transmitidas aos
estudantes médicos. Nesse momento, a Farmacologia 8o existia como disciplina,
sendo contemplada dentro de uma grande area dainzedicluindo outras como a
botanica e a quimica.

A materia medicga vinha se consolidando como uma importante plisai do
curriculo médico. Da mesma forma que aconteceuaamatomia, anateria medica a
botanica ganharam uma nova perspectiva desde cée@mto (Figura 1.). O percurso
das duas disciplinas apresenta muitos pontos cor(fResds, 1976). Num primeiro
momento se discutia a teoria das plantas medicooanspouca descricdo, enquanto que a
sua evolucao resultou na extensa descricdo dososbogpe suas origens além das suas
utilizacdes.Assim, essa disciplina comecou seu desenvolvimeaino precursora da

Farmacologia (Salter, 1950b).
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Figura 1.De materia medica libri sexugduni: Apud Gulielmum Rouillium, 1554.
Fonte:http://historical.hsl.virginia.edu/treasures/diasdes.html

Nessa sequéncia, a transformacdo de uma discigleseritiva em curso
experimental ocorreu nas Ultimas décadas do sedpmuito embora alguns esbocos
anteriores tenham sido registrados. O primeiroierdmico do qual se tem noticia teria
sido conduzido pelo cirurgiddames Lind da marinha Real Britanica, utilizando
metodologia descrita em livros sagrados. (Figuya 2.

O equilibrio entre ensinar os principios gerais FlErmacologia e as suas
aplicacles terapéuticas se intensificou com o sgio da disciplina Farmacologia
clinica em meados de 1960 (Salter, 1950a). As algerts convencionais para 0 ensino
da Farmacologia estavam baseadas nas aulas exg®sitas anotacdes dos alunos em
sala de aula, na leitura de textos classicos euwslemente nas praticas em laboratério. A
utilizacdo de livros-texto era incomum. Alguns aesodiscutem sobre o carater “anti-
autoritario” dos livros texto e, por isso, a sudiasgédo pouco frequiente (Rangachari,
1997). Com base nisso, a educacao cientifica nBassava na troca de informacdes e/ou

pontos de vista com discusséo de idéias, mas savapbasicamente na transmissado
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autoritaria de informacdes. Da mesma forma, poucax@nhuma integracdo entre 0s
contetdos era feita. Talvez a primeira tentativantegracao tenha sido o livro texto
“Pharmacology and Therapeutics or the Action of Bsuin Health and Disease”

integrando a terapéutica e os aspectos da fisiogegqRangachari, 1997).

-
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An inquiry into the Nature, Caufos,
and Cure, of that Difealr

Figura 2. Tratado sobre o escorbuto, James Lin83)1 Edinburgh: Impresso por Sands,
Murray e Cochran para A Kincaid e A Donaldson.
Fonte:http://WWW.iameslindlibrarv.orq/ilIustratinq/reccs'bh—treatise—of—the—scurvv—in—three—parts—contgm-inguiry/images.pdf

A partir de uma perspectiva cientifica, a Farmagi@l@urge como um hibrido da
fisiologia e bioquimica que possui como foco agydsoe seus usos. Por outro lado, a
partir de uma perspectiva do curriculo médico, sirenda Farmacologia se apresenta
com diferencas. Para o médico estudante, e mesra@paeus pacientes a Farmacologia
€ uma disciplina crucial, que investe muito tempalimagnadstico, enfatizando a patologia
e a fisiopatologia. Por outro lado, ha a expeaativ paciente que seu diagndstico venha
acompanhado de um tratamento farmacoldgico apdupriuito embora existam varias
modalidades de tratamentos possiveis, os farmé@nda @ermanecem como 0S mais
significantes dentro da medicina ocidental. E agsiperativo para 0 médico estudante
conhecer profundamente os principios farmacologicparticularmente aqueles

relevantes para a terapia, incluindo o entendimeéatoratica racional do uso de drogas.
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Assim, o0s conceitos béasicos da Farmacologia indtuiaspectos clinicos e
fisiopatologicos dos pacientes fazem parte do cdojde informacfes que deverdo ser
aprendidas para os fins terapéuticos. Aléem disslifi@l para o0 médico a separagéo dos
conhecimentos relacionados as drogas (Farmacolsgiaje os processos da doenca e da
terapéutica (Rangachari, 1997). Mesmo desconsideram Farmacologia em sua
totalidade, um de seus aspectos mais praticostapéigtica, se baseia em conceitos
essencialmente interdisciplinares.

Para Smith (2000), a Farmacologia € diferente dermaadas outras ciéncias
bioldgicas porque ela ndo responde como a natdtggaona, e sim como podemos
mudar a natureza (Smith, 2000). Diante disso, @arabtencdo dessas respostas a
Farmacologia necessita de esforcos integrados diplasi técnicas e conceitos, tais
como os da bioquimica, da biologia molecular, ddolgia celular e de sistemas, dentre
muitas outras. De fato, as revistas de Farmacqlogigtas vezes se especializam como
pode ser encontrado com titulos como Farmacologiémdhar, Farmacologia
Cardiovascular, Farmacologia Clinica, Farmacolollalecular, Psico-farmacologia,
Neuro-farmacologia, dentre muitas outras (Kwan,220@a mesma forma, a relacao
intima da Farmacologia com outras ciéncias baseabém fica evidenciada, como por
exemplo, Farmacologia Bioquimica, Farmacologia exidalogia, Farmacia e
Farmacologia. A Farmacologia € mais do que umaptiisa distinta na medicina, pois
gue se distingue em muitas areas interdisciplindassiéncias basicas e clinicas (Kwan,
2002).

A exemplo de outras disciplinas biomédicas, astéioms da Farmacologia nao
estdo claramente definidas. A partir do surgimeetodo desenvolvimento da
biotecnologia, da genética e da nanotecnologiaasiowdancas estdo sendo observadas,
demonstrando claramente o carater interdisciplifzaFarmacologia. A cada dia novas
subdivisbes emergem incluindo a Farmacoepidemilogi Farmacoecondémica, a
Farmacogendmica. Isto impGe grande dificuldadensme da Farmacologia nos moldes
tradicionais congestionados de conteido e com poucaenhuma integragdo entre as

diferentes areas da medicina e saude (Kwan, 2004).
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3. OBJETIVOS
3.1 GERAIS

O presente estudo procurou desenhar o padrdo dedasotecnologias da
informacgédo, na educacao Brasileira com foco nodgessoftwares, e estudar as praticas
atualmente desenvolvidas no ensino da Farmacolé¢ga disso, buscamos estudar a
percepcdo da interdisciplinaridade dos professoees, diferentes areas de atuacéo,
incluindo a sua formagdo e suas praticas docer@esio objetivo principal, foi
desenvolvido um software de distribuicéo livre,gpser utilizado nas préaticas de ensino

da Farmacologia e outras, segundo os conceitageldisciplinaridade.

3.2 ESPECIFICOS

- Fazer uma pesquisa bibliografica sobre o uso tdesologias da informacdo na

educacéo Brasileira;

- Revisar a situacao atual do ensino da Farma@ologs escolas de medicina do estado
do Rio de Janeirsob o ponto de vista das estratégias de ensiimadts correntemente,
a infra-estrutura disponivel, o uso de tecnologissim como a realizacdo de praticas

experimentais ao longo do curso méclico

- Analisar a percepcao do estudante de medicinatguaimportancia da Farmacologia
no seu curriculo e vida profissional, suas estratéde estudo e formas de ensino

realizadas em suas escolas;

- Discutir e revisar a importancia da interdisciplidade, o papel do professor bem como
a sua formacéo para a sua aplicacdo da em saldadg&ato no ensino médio quanto no

ensino superior;
- Aplicar, experimentalmente, o software a alun@suea bioldgica e da saude avaliando

a sua efetividade no aprendizado da Farmacologiavés da comparagdo pré- e pos-

teste;
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- Discutir a percepcao dos estudantes sobre oessadecnologia da informacgao para o

ensino da Farmacologia;

- Discutir a importancia do uso das tecnologiasnfiearmacdo na educacao utilizando

como modelo um software para o ensino integradéagdeacologia.
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4. RESULTADOS
4.1 ARTIGO 1.

Este primeiro estudo foi uma revisdo bibliografszdre o uso de computadores
no Brasil. Uma ampla pesquisa bibliografica emosbancos de dados, e a utilizacédo de
varias ferramentas de busca na Internet tornouvmbsielinear as experiéncias sobre o
uso da informatica nos varios segmentos da educagaofoco principal nos segmentos
primario e secundario. Nesse sentido, foi posshahr que hda uma disparidade
significativa entre o uso de tais recursos, mas daemodo geral, ja se encontra bem
difundido na educacéo brasileira. Por outro ladoicps relatos analiticos e quantitativos
foram encontrados. Além disso, também observamoa umior preocupacdo na
montagem de laboratorios de informatica, do queri@gao de processos e de métodos
de utilizacdo, de manutencdo dos equipamentos,oaeafdo e de capacitagcdo dos
professores dentre outros. Entendemos que maidosss8fio necessarios para que seja
possivel conhecer o real impacto e a efetividadestodos computadores e seus recursos
nos diversos segmentos da educacao.

Este artigo foi publicado na revistmmputers and Education

Computers & Education 53 (2009) 677-685

0360-1315/$ - see front matter _ 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.compedu.2009.04.005

40



The Use of Computers in Brazilian Primary and Secon  dary

Schools

A.A. Fidalgo-Neto a, A.J.C. Tornaghi b, R.M.S. Meirelles ¢, F.F. Bercot a, L.L. Xavier ¢, M.F.A.
Castro a, L.A. Alves a,

aPo6s-graduacdo de Ensino de Biociéncias e Salde, Laboratério de Comunicagéo Celular, Fundagéo Oswaldo Cruz, IOC, Av. Brasil, 4365, 21045-900
Rio de Janeiro, Brazil

b Universidade Estacio de Sa, Programa de Pés Graduagdo em Educagéo, RJ, Brazil

c Laboratory for Innovations in Therapy, Education and Bioproducts, IOC — Oswaldo Cruz Foundation, 21045-900 Rio de Janeiro, Brazil

ABSTRACT
Brazil is an emergent country that has undergormitant changes at the social,

economic, scientific and educational levels. A m@ficy challenge at present is related
to the unequal distribution of vital resources,luding technology. In the educational
context, many changes have been observed, sucllesease in analphabetism and an
increase in the number of physicians, lawyers, scidntists. In this paper we will
describe the educational experience involving tlse wf information technology,
especially computers, at Brazilian primary and sdeoy schools.

We live in a technological era in which it is impant to educate our children to
be aware of the impact of technology on society thiedenvironment in general, as well
as how to personally deal with them. From home aokplace, digital technological tools
have become a part of day-to-day life. Digital teabgy has become essential in
everyday life, and demands have been placed omkcho educate students so as to
make them “technologically literate”. Millions ofells (R$) have been invested by the
Brazilian government to equip schools with computard communication tools, but low
technological literacy remains a serious challefigeaddress this problem, it is crucial
to elucidate the real advantages and disadvantafjgke use of computers in the

educational system.

Keywords: country-specific developments; cross-cultural pectge elementary
education; public spaces and computing; seconddugcation.

41



1. SOCIOECONOMIC DATA FOR BRAZIL

For sake of clarity, before entering the focus of eview, we will provide some
information about Brazilian socioeconomic data.

The land area of Brazil extends over 8.5 millionag kilometers, occupying just
under half (47%) of the area of South America. pbpulation of Brazil is approximately
180 million inhabitants, the majority (81%) residim urban areas. Brazil is the world’s
fifth most populated country.

Brazil accounts for three fifths of the South Ancan economy’s industrial
production, and it is the largest economy in Scutierica. The country’s scientific and
technological development, together with its dymammd diversified industrial sector,
has proven to be attractive to foreign enterp(Beasil, 2008).

Brazil's development requires public policies tivatrease production efficiency,
reduce external vulnerability, and encourage saviagd investment as a fraction of
Gross Domestic Product (GDP). In 2005, GDP wasamrately 1.2 trillion US dollars,
and the GDP showed a growth rate of 5.4% (Figurén Ihe third trimester of 2007
(Brasil, 2008; IBGE, 2000).

At a regional level, the status of the Braziliarmmamy is unbalanced. Average
income for the poorest 10% in the northeasterrestet approximately half that for the
same economic group in the southern, central, antheastern states. The difference in
income is similar when making a comparison withgherest 40%, and it is only slightly
smaller when analyzing the richest 10% (IBGE, 2000 socio-economic data are even
more noteworthy, and reveal a sharp economic gapelea the more rural northern and
northeastern states as compared to the urban souttentral, and southeastern states.
This effectively divides the country across a nsalath line (Figure 1).

Brazilian education has changed significantly inerg years, although it is still
far from satisfactory. Access to basic educatiomésrly universal, and secondary
education has been expanding very rapidly alongh witgher education at the
undergraduate and graduate levels (Schwartzmai)200

Science education has become very important iniBaad indeed, across Latin
America. Brazil has experienced vigorous growthsaientific productivity since the
1990s, rising from 1.7% of the world’s share okstific publications in 1990 to 3.2% in
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2000. This appears to be a consequence of inceasiestment in tertiary education,
especially at the PhD level (Hermes-Lima & Navd&X)®).

Most of the data presented in this work were ctdiédrom educational databases
and common Internet search engines and others prediuced by our group. More
specific references were obtained from the CAPE&ti@dal Program for Human
Training in Higher Education) site as well as othgevernmental sites (INEP, National
Institute for Pedagogic Studies; MEC, Ministry afu€ation; IBGE, Brazilian Institute of
Geography and Statistics). In addition, some degtee obtained from ERIC (Education
Resources Information Center, www.eric.ed.gov).

The most common keywords used were: 'Brazilianpdsr use’, ‘computers in
Brazilian Education’, 'Brazilian digital divide'Brazilian special needs education’,
'infformatics and education’, ‘Information and Comioation Technologies', and
'‘Brazilian education’, 'K-12 and computers’, 'priynaducation’ and some Portuguese
keywords such as 'ensino fundamental’, 'ensino ahétinformatica na educacao’,
'incluséo digital', ‘Educom’, ‘Proninfe’, ‘Proinfo’Most of the relevant studies found

were included in this work.

2. EDUCATION AND INFORMATION TECHNOLOGY
2.1 New Educational Requirements

Current changes in educational practice are atresutomplex global forces.
These effects are felt through changes made acdtweomic, social, cultural and political
levels that influence teachers and students as agelthe whole field of academia.
Systemic educational reform is a manifestation lbaglization which significantly
impacts teacher education and teacher work (Ta@06). These changes, to a large
degree, result from nations worldwide attemptingetmain competitive in a dynamically
changing global economy.

The wide spread of digital technology in everyddg Imposes to educational
systems to educate their students to be aware sofimpact on society and the
environment. Because its use has become essel@imhnds have also been placed on

schools to make students “technologically literate”
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In the majority of cases, the educational Brazisgatem has remained embedded
in anachronistic paradigms such as teachers’ hagngentral role in knowledge
“transference”, the blackboard as the most imporf@@dagogical tool, and crowded
classrooms characterized by long periods of passaraing (Castro, 1999). Nonetheless,
there are several educational projects in schodlEhwcan be considered Islands of
excellence. At least since the decade of 30, withisi@ Teixeira and colleagues,
Brazilian researchers and educators have beennigdkir innovations in education.
Contemporary researchers follow the tradition aedend the importance of a deep
updating of our education system. (Tancredi, 19%8rdan, 2005; Telles, Fernandes, &
Janior, 2006). Educational reforms are reportedigded at all levels of the Brazilian

school system.

2.2 Use of computers

Ever since computers became available in the 1966y, have had a profound
impact on society and the ways in which we conthusiness and financial matters, fight
wars and maintain peace, provide goods and servyicedict events (e.g., earthquakes,
weather, global warming), monitor security and sagind a host of other applications
too numerous to mention (Flyn, 2002).

In the USA and other developed countries, the paiscomputer revolution,
beginning in the 1970s, has brought computersnmioy homes and schools. In Brazil,
the use of personal computers began around thesl®88mall scale and has since
undergone massive and progressive expansion teall isngoing. In 1979, the Brazilian
government created the Special Secretary of Infocsia(Secretaria Especial de
Informatica — SEI). SEI, in 1980, created a Sgegc@mmission of Computer science in
the Education (Comissdo Especial 1: InforméaticiEdacacdo CE-IE) that promoted in
1981 (Brasilia) and in 1982 (Bahia), respectivéhg | and Il Seminars of Informatics in
the Education that resulted in the developmentrojepts in Universities. (Carvalho &
Cukierman, 2006 pg 41 e http://atlas.ucpel.tcltellarhieb.htm) In 1986, the Brazilian
government created PLANIN, a national plan for infatics development, approved by
President José Sarney (Carvalho & Cukierman, 20B@plly, in President Fernando

Collor de Mello government (1990s), the restriciomposed by the informatics market
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share protection law were revoked, opening the iBaazmarket of personal computers
and similar technologies to the foreign products.

Nowadays, Brazilian society has come under thengtiofluence of computers.
Both public and private institutions are deeply @®gent on informational technologies.
For instance, Brazil was the first country in therld to have fully electronic elections.
Electronic voting was introduced in Brazil in 1996kewise, the Internet played a
significant role as an efficient media for spregdand amplifying news during recent
Brazilian electoral processes, at least since 200&as strategically used to publish real-
time news. Information that originally appearedrthwas subsequently amplified by the
print and broadcast media to disseminate storidsoamions that would otherwise not
have gained such a broad reach or reaction (Ald@5)2 Paradoxically, the majority of
Brazilian people have no access to these techredd@aggio, 2000; Fundacdo Getulio
Vargas (FGV), 2003). Official data show that, irD8Qonly 18% of Brazilian homes had
a computer (IBGE/PNAD, 2006). Historically, as neaghnologies become available, the
pattern of adoption and diffusion creates dispesiin access and ownership. In Brazil,
many efforts have been made to decrease theseritiespaln 2007, results of a
comparative study among people from 35 countrias dsked about the use of personal
computers showed an increase of personal compwiaerehip of 22% since 2002 (BBC
Brasil, 2007). Developed countries such as Sweddrttee USA reportedly have rates of
82% and 80% for personal computer use, respectiy@BC Brasil, 2007).
Unfortunately, the most common antidote to thisiagibpn has been to focus on the
computer itself, sometimes in isolation. Massivepater integration will not be the cure
for the digital gap in the absence of an accompangducation. As new technological
tools continue to develop, new gaps will arise.réfme, to actually diminish the digital
divide, a complex of policies and actions must bwlemented at all social layers,

including actions to promote effective computelizdtion.

2.2.1 Computers and Education
In Brazil, there have already been many discussamusproposals for using the
computer as a tool for transforming pedagogicakixa instead of just using it as

another medium for knowledge production and diseation (Castro, 2000). According
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to “Proinfo” (National Program for Computers indEcation), “The main condition for
achieving success is the availability of good teashwho must be qualified at two
levels: as educators and trainers (formadores). t€heher trainer is a specialist that
trains other teachers in the use of digital tecbgwlin the classroom (Rusten & Suguri,
2002). These educators are qualified to supporddshinformatization processes, as
stated by Proinfo, and, frequently, work at reglomanters known as “NTE”
(Educational Technology Nuclei).

The growth in use of computers in schools sincel®f0s is not just a matter of
an increase in the number of machines. How theyuaesl in schools has also been
changing. At the end of the 1980s, some schools w&ing computers as tutorial devices
for basic skills instruction and as objects of gtird computer literacy courses. By the
same time, other schools were using computer &araihg machine, using Logo and
some other software in order to let students devéheir intelligence and create their
knowledge by developing cultural objects. At thel efi the 1990s, students were often
using computers as tools for word processing amergece citations. The shift from
computer-as-tutor and computer-as-topic toward adergas-tool is one of the important
developments in the recent history of this techgglio Brazilian schools.

In an educational context, computers may be a ldefal for information
searches, data analysis and storage, and can hmeilpde an attractive learning
environment. Better than this, computers are usesthools to produce new things and
new views, to produce in collaboration and to leaith peers how to make things that
were hard to be done in schools without computi&es animations, videos, collective
texts and so on. To date, there have been a nuohloiscussions about the advantages
and disadvantages of these technological toolsimtedfaces which have been carried
out, despite the production of very little congistdata.

Pedagogical practices are not necessarily changeahy fundamental sense by
the introduction of computers. In such a case, agerp are only an instructional tool.
Furthermore it is possible that computers can doemihey may have other roles. It's
important to situate the digital technology as aammgical tool, more than that, as
pedagogical interfaces that connects studentsheéesa@nd specialists, as a peer that help
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do things that were not possible without it. Thee will be able to verify the real
advantages and disadvantages of its use.

In a survey conducted in the USA, teachers listasirtmain objectives for
students' use of computers. The main objectiveasthby most teachers (51%) was to let
students find out about ideas and information. &%t most popular objectives were to
help students express themselves in writing (44%)help students to master skills
(37%), and to improve students’ computer skills%32Thus, these teacher objectives
emphasized, in order of importance, referenceiaitatvork, word processing, basic skills
tutorials, and the development of computer literé®gcker, Jason, & Yan-Tien, 1999).

Recent data show a low use of these technologias educational context (Orey,
Aires de Castro Filho, Amiel, & McClendon, 2007). éomprehensive survey of
technology integration in K-12 classrooms arounel thnited States demonstrated that,
although, the number of computers in classrooms siasable at approximately 5.8
million computers in 1995, the equipment was gdhetanderused. Though many had
expected constructivist pedagogical principles éagm, teachers tended to use the
computer as an instructivist tool. Teachers wereet to use computers in specific
laboratories that were not conducive to partner@atpnologies with specific subjects.

These computers were also found to be obsolete4986 were considered
outdated and unable to run the necessary softWdoeeover, computers were used
mostly to teach and learn about applications, saghvord processing, rather than as a
tool for other subjects (Amiel, 2006). The Brazilidata show even more critical results.
Among all the Brazilian public schools, only 21%veacomputer laboratories (INEP-
MEC, 2008), and there are insufficient availabléadan their use. Few studies are
available about the use of computers in Brazilidmcation, though one does suggest that

computer laboratories are commonly underused (€&sklves, 2007).

2.3 Brazilian Experiences on primary and secondahpol
2.3.1 Regional Efforts

One can find reports on experiments and researalindewith computers and
education in Brazil since de 1960 decade. Theree wsxattered, localized and

disconnected efforts on this subject in some Usities without interaction among them.

47



Historically, the EDUCOM project was the first affve action addressing
Brazilian educational computer use held by the Fdd&overnment. In 1983, five
centers were created to train teachers and to mwpie computer education. These
centers were created in different Brazilian regidbBRJ (Federal University of Rio de
Janeiro), UFPE (Federal University of PernambutéfMG (Federal University of
Minas Gerais), UFRGS (Federal University of Rio @@ do Sul), and UNICAMP (State
University of Campinas) (Oliveira et al., 1995).

The UNICAMP effort was carried out in a class ofs2ddents with four PCs and
a printer. Biology, physics, chemistry, Portuguesed math were taught using the
LOGO language. Problem-based learning was useteapedagogical approach. Some
years later, the project was augmented with 15 s, and all intermediate grades
were then enrolled (Oliveira et al., 1995).

The UFRJ researchers choose to develop practicksaftware to work with Phisics,
Biology, Chemistry and Math. They selected a publiddle school downtown in Rio de
Janeiro city to carry out their analyses and expenits and to evaluate the software that
were being built involving teachers and studentsmfrboth, the University and the
School. They have developed and publicized 111 fomelred and eleven) software for
teaching and learning Natural Sciences and Matarré¢Rtini, F. S., Elia, M. F. E.,
EDUCOM/UFRJ na WEB, Anais do Xlll Simpésio Brasiteide Informatica na
Educagéo, UNISINOS 2002)

In University of Minas Gerais, the work involvedathers of Biology,
Geography, Portuguese, Math and Physics and sevessarchers in education
(Pedagogy, Philosophy, Science Studies and Sogiplddney had 4 goals: equipping
schools, software development, teacher training teduse of computers in special
education for handicapped students (Tavares, 2009).

In UFPE their goals were teacher training, eduoalisoftware evaluation and the
analyses of the use of LOGO to promote studentsileg(Tavares, 2009).

In 1981, the Psychology Faculty at the UFRGS, thhothe Laboratory for Cognitive
Studies (LEC), was already researching the useoaipaters in education under a
Piagetian (Jean Piaget, the Swiss Biologist) amtrod he Educom project helped them

involve other departments in their efforts, likee thducation Faculty and the Center for
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Informatics in Education. Their work included tkac training in a constructivist
approach, the use of Logo as a research toolsraedhiools as a learning environment,
software development and agreements with Publico@clSystems (State and
Municipalities) to help them use technology in eational activities. They also
developed graduate and undergraduate courses snlijext of computers in education.

UNICAMP and UFRGS were pioneers and are, nowadays, of the most
important research centers in the field of techgglo education in Brazil.

In the 1990s, a computer educational project basedhe emerging pedagogy of
informatics which was produced by a working teamtlad Brazilian Institute of
Technology in Informatics (ITECI), afforded new igist into the use of computers and
information technology in education. These materiainbedded in a methodology
expressing the pedagogy of informatics--were tiested through intensive courses and
then successfully used for over six years. In 1986,program was used at seventeen
schools, involving approximately 20 000 studentsthie cities of Recife, Natal, and
Fortaleza in Northeast Brazil (Jurema, Lima, & Bjli996). This project was considered
successful in terms of both the enabling of tealard the development of a formal
pedagogy of informatics. This project contributed dtudents’ understanding of the
structure and functioning of computers and softwaswell as enabling them to apply
this knowledge in other areas.

At the end of the 1990s an educational conferemdlec “Education in bytes—
educational software” was carried out at UFRJ (Fadéniversity of Rio de Janeiro) to
discuss the use of educational software as a tegcmd learning improvement tool.
Much of the discussion focused on educational so#wdevelopment, evaluation, and
implementation. Several companies had produceda¢idnal software with animation,
color, and sound, but without any pedagogical b@Sanpos, 1996). Actually, this sort
of problem is the norm, and the evaluation of safewis critical (Giordan, 2005; Hannan,
2005). Software evaluation literature is scarce Brazilian scientific databases.
Educational software is an emerging field (in t@riputers and education’ discussion),
and some Brazilian research groups have developedmethodologies for this purpose.

For instance, Mogi das Cruzes University has beeweldping new approaches to

49



interactivity and the design of educational sofevéBarretto, Piazzalunga, Guimaraes
Ribeiro, Casemiro Dalla, & Leon Filho, 2003).

In the Computer Science faculty at Pontificia Undidade Catolica of Rio
Grande do Sul, undergraduate students have beeslogeng educational software,
regularly, at least since de beginning of 1990 decadJnder Dr Lucia Giraffa’s
supervising groups of students have steadily deeelosoftware, presented them in
several congresses on technology in education #aced them to be used in schools.
Among them there are: “Abracadabra” (1993), Gutaqti@994), “Tanel do Tempo”
(1995) and so on (Conferir pelo menos anais do®&to Alegre/94 e XIV — Rio de
Janeiro/03 Simposios Brasileiro de Educagcdo — SBE laucia Giraffa in Curriculo
Lattes).

Along the 1990 years, other universities and reseaenters in Brazil were
involved on software development. In the Computaeigxe Program at COPPE/UFRJ
two educational software were developed as resuktsearch on the use of Technology
in Education: the “Mulec — Multi Editor Colaborativpara Educacdo — Collaborative
Multi-Editor for Educational Purposes” (Tornaghi99b) and the “Hiper-autor”, an
hypermedia environment to present educational sofBceitman, 1993). In Universidade
Federal de Santa Catarina there was the “Nlcleogsaarch group in Educational
Software: in the V Simposio Brasileiro de Inforncatina Educacéo they presented a
paper listing 14 software (Anais do V Simpoésio Beao de Informatica na Educacgéo —
SBC - PUC/RS, Porto Alegre, 1994). In UFPE, Davidi@r and group were working on
software for education at least from the midlehef 1980’s: in 1987 they won two prizes,
one for “Merlin” (First place, professional categan the Annual Contest of Educational
Software, Education Ministry, Brasilia), and anathae to “Sherlock” (first place in the
| Contest of Educational Software, Info Magazirenal do Brasil).

In 2000, UNICAMP and San Francisco University depeld software for story-
production using computers so as to develop aalitheatre (de Oliveira & Baranauskas,
2000). Theatre has been traditionally defendeddircational contexts as stimulates the
development of creativity, imagination, interpreiat concentration, and expression.
Children increasingly live in a passive world oteed-hand ideas from media sources

such as television (de Oliveira et al., 2000). Theal plays can be created in the

50



computer by children working individually or colteeely. After completion, the play can
be shared over the internet, which allows accesstigr people. An unfinished play can
even be sent over the internet to be updated endgtd by other people, establishing a
process of collaborative creation through the meer This is an interesting and
promising experience, but, like the others, cufyebeing developed, requires further
evaluation.

Another study, carried out at Santo André city (SZaulo State) in 2006,
describes computer use at K12 schools (Araujo &I&tu2006). Sixty-four public and
private schools were enrolled, and the followingthiees were analyzed: number of
computer laboratories and their functionality, sioidcomputer use, teacher computer
use, as well as certain other positive and negatihagacteristics. Only four of the 64
schools studied had no computer laboratory ataéhpugh all of them had insufficient
space and equipment. Two important findings were thadequacy of computer
maintenance and the critical need for teacheritrgi(Araujo et al., 2006).

In addition, no educational software was used i @inthe laboratories. In this
study, computer usage was based on internet sear@dhMicrosoft Officél usage.
Different results have been reported by Silva (2068Taguatinga city which analyzed
mathematics learning at nine schools. Only oneaadmputer laboratory, and three of
the nine had a laboratory from which computers leeh stolen. These data also pointed
out flawed computer maintenance and inadequateexpit. There were 20 computers,
but only 17 had ever been used. In this case, tmpuater/student ratio was
approximately 0.3. Furthermore, only three of teeem math teachers in that school were
trained to use computers. In conclusion, in thig iti the Federal District, no computer
laboratories were in use (Silva, 2008). These teshow the great disparities among
different Brazilian regions and the difficultly afstablishing effective policies which
pertain to all of them.

Even though the process of purchasing and insgaiomputers and internet
access at schools is complex and expensive,ntfect only a small part of the challenge
facing education planners and principals regardimg enabling and empowering of
teachers to integrate these technologies into #he?ry day classroom teaching. Some

Brazilian data suggest a failure in the effortrrt teachers to effectively use classroom
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computers. There is no doubt that teachers playajrnmole in what happens in their
classrooms, and provide a leadership and guidihg iro the teaching and learning
context, making them critical to the success of amygram which would encourage
computer usage among students.

Unfortunately, there are problems with the propewadopment of effective
teachers as well as with the conditions in whialytivork (low income, in-classroom
violence, poor pedagogical resources, and complliteracy). Some actions have been
taken, however, toward increasing the quality odchers’ work conditions. The
FUNDEB, Fund for the Maintenance and Developmenth&f Basic Education and
Valorization of the Educational Professionals, tetgd by the law number 1.494/2007
(law’s text is available at
http://portal.mec.gov.br/seb/arquivos/pdf/Fundeibefleb_mp.pdf), has brought some
important improvement to teachers’ working condiiaoncluding funds to raise salaries,
support lifelong training and schools equipment.

Another example can be found in some teacher asslélgat included computer
education in their curricula. This is the caseSan Carlos University (San Paulo state),
which has inserted “informatics applied to the keag-learning process” into the future
mathematics teachers' curriculum (Baldin, 2003).gémeral, the available Brazilian
literature points to flawed informatics literacya€ro, 1999; Castro et al., 2007; Brasil,
2006; Tancredi, 1998).

All CEDERJ'’s teacher undergraduate course haveast ltwo, some have three,
disciplines (content subjects) on the use of digtechnology in their curricula
(www.cedrj,edu.br).

Probably, the most important action in Brazil, noags, aiming the improvement
of the use of technology in education in K12 schasl the Proinfo Integrado. This
program acts in three dimensions: 1 — technologidehstructure, providing computers
and Internet access to the schools; 2 — digitateras, offering educational contents in
several media and 3 — teacher training, offeringrees to be held in the schools to the
whole group of educators including teachers, ppialsi and coordinators (Fiorentini, L.,
and others, Politicas para o Uso das Tecnologias da
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Informacgéo e da Comunicagéo na Escola (Proinfgtat®), in Educacéo Digital
e Tecnologias da Informacéo e da Comunicacao, fateno Futuro, ano XVIII, Boletim
18, Setembro/outubro, disponivel em
http://www.tvebrasil.com.br/salto/boletins2008/edigital/index.htm). The goal of this
program is to equip and train the educators impalilic schools in Brazil until 2010. In
2008 the number of new computer labs implementedrbynfo in schools all over Brazil
is 150 000 and more than 80 000 teachers wereettdm training programs (Agencia
Brasil, 2009).

Insufficient training and the near absence of omg@upport and supplemental
learning opportunities is a very important problémat is being confronted by Proinfo
Integrado.

Along with this, there are also often problems sunding the training curriculum
and the approach taken to prepare teachers totiefflgcuse computer and internet

technologies in classroom teaching.

2.3.2 Computer and Special Needs Education

The use of information and communication technasgin special needs
education is very high on the political agenda @ingncountries (Arslan, Inan, Ozel, &
Wells, 2007). The need to move into the informasociety and the central role played
by education in making the information society alitg is frequently emphasized. Until
now, information on the use of information and coummation technologies in the field
of special needs education has been limited ton#tmnal and region levels, and very
little information has been available at the wdedel.

The inclusion of students with special needs in ringular school system and
educational computer science are subjects of mamgies and discussions on the
national education scene. Such discussions issakged to legislation, teacher
development, and adapting resources to pedagogreaitices (Mantoan & Valente,
1998). Although Brazil has developed laws and wiovis to guarantee the integration of
students with disabilities into regular schoolss tls not happening in most of the cases
reported to date. In fact, Brazil does not yet haefeools that consider the diversity of

students' capabilities as beneficial to the int#llel development of either deficient or
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non-deficient students. Poor teacher training argditutional conservatism have been
described as major obstacles to the implementafi@amovation in this area (Mantoan et
al., 1998).

With respect to computer use, there are certaiferdiices between regular and
special needs education. Computers may increasehaeces that every child with
special educational needs can reach his or herphténtial in school and make a
successful transition to adulthood and the worlfudher education, training, and work.
While the efficacy of computer use in regular ediscamust be tested, computer use in
special needs education must, as a main goalaabipve social inclusion.

Certain Brazilian computerization efforts in spécgieeds education have been
reported, and a few of them will be briefly desedbhere. One of the most important
Brazilian projects regarding computer use in spewads education is the DOSVOX, a
computer system for visually impaired or blind peo@dOSVOX was developed by
Professor José Antonio Borges at Rio de JaneireraetUniversity. This system works
both with pre-recorded messages and synthesizestlsp8y this method, the use of
programs and games has a "personality” and doesootd like a robot speaking.
DOSVOX produces and reads data that can be pratéssether programs for use by
non-blind people. For example, a user of DOSVOX kane access to programs using
OCR (optical character recognition) or translatioom other languages. Also, many
specialized programs can be adapted to put blioglpdo work in specialized tasks like
computer-based telemarketing and education. The MmDSProject usually produces
these programs by request when a firm wants to aeking work opportunities for the
blind community. For example, more than 200 bliedgle are working in telemarketing
using a DOSVOX-derived program (Borges, 2000). D@RVhas spread throughout
Brazil and today has more than 3000 users. Thogsahdisually impaired and blind
people have had their lives improved using thiggpm. DOSVOX has had an important
impact to the integration of the blind into socjatpening new perspectives for study and
work.

Because the system is inexpensive, any firm casrcatb buy a system like this
so that it can employ a blind person for tasks tdéemarketing. Students, and in fact,
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any users of this system, can read, write, and dranwnicate with teachers and
colleagues who do not know Braille (Borges, 2000).

In addition, other relevant projects have been lbpesl in Brazil, such as the
Project for Training Teachers to Integrate the Bisd into Schools (PROEDEM) and the
Project for Using Computers in Special Educatioayaloped at UNICAMP (Federal
University in Campinas city) (Mantoan et al., 1998)

Another interesting project has been developedénRublic Schools of Maringa
city (Paran& State, in Brazilian south region). Tégearch aims at furnishing data from a
teaching project that has been developed by stsdeith special needs in computer
laboratories at these schools. The computer asdagpegical resource in the learning
process for students with special needs for theldpment of reading and writing was
analyzed. The results indicate better interactioth vhe machine when the students'
cognitive, social, and cultural development is tak&to consideration. In addition, the
authors have shown the importance of the computdrthe internet as pedagogical
resources in the process of building the studémisiviedge (Altoé & Bacaro, 2006).

Brazilian special needs education has not yethezha satisfactory level of
development. Many students with special needs ait@er in regular schools nor using
computers. Special needs education, particularlgrevlit involves issues related to the
inclusion of pupils with special needs in mainstneeducation, is a sensitive area that
needs to be considered with full recognition toige country’s diverse situations,
resources, and history. All countries need to ®the best possible education for their
pupils according to their individual situationsdathey should fully commit to providing
more and wider educational opportunities to thbse are at any rate handicaped in such
a way to help to minor the special needs and keinthhave the chance to more equally

enjoy social benefits and things human progresstiaguered.

3. CRUCIAL REFLECTIONS ON COMPUTERS IN SCHOOLS

Over the last few years, public educational podidiave emphasized the need to
equip schools with computers and to change teagbragtices to match the needs of a
knowledge society. Many researchers have commeaotedhe use of technological

resources in education, but few consistent dat# h@en produced. A Brazilian meta-
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analysis study analyzed research data to checgdtiermance of basic school students
from the 4th to the 8th grades together with 3raryegh school students. This study also
addressed the relationship between student perfar@nand the use of computers (Dwyer
et al., 2007). The results showed that, for aldgeand for all social-economic classes,
heavy computer use is related to lower school pexdace. For 4th grade students from
poor social backgrounds, even moderate use of ctargowas found to be associated
with poorer performance in Portuguese and mathem@Dwyer et al., 2007). Other
studies by the same group have shown the frequehcgmputer use in general has a
negative effect on test results, and the negafifeeteincreased for younger and poorer
students, as well as the degree of Internet agéamer et al., 2008). These results point
out the need to reflect on the role of computetgaching, not computers per se. There is
no question that access to technology has beenmggaapidly in schools worldwide and
that we are now at a point when a preponderanaeludols own computers and have
access to internet resources, yet controversy ragggi about the effectiveness of these
technologies in reaching educational goals.

While there are a number of quantitative studiestlom use of computers,
gualitative ones are, at present, scarce. The afségese technologies are based on the
assumption that computers, either in school owaté help students learn. Surprisingly,
very little formal research has been carried outlos specific subject, and the sparse
research which has been reported supports cortwagliconclusions (Wainer et al.,
2008). There is a hypothesis that teacher assungptand beliefs are significant
determinants in accounting for why teachers adoptputers in classroom (Hermans,
Tondeur, Braak, & Valcke, 2008). Such assumptioightralso explain the surprisingly
sparse research on this topic.

Digital technology in education continues to pravigolicy challenges for
developing countries (Avalos & Assael, 2006). Heawestment has been made by the
Brazilian government to provide computer accesgibil However, significant
heterogeneity in computer distribution still exisisross the country. While all the
schools in some Brazilian cities have computer Hatooies, schools in other cities have
no computer laboratories at all. Recent officialadshow that 79% of Brazilian primary

and secondary schools have no laboratory compyi®isP-MEC, 2008). However,
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Castro and Alves showed a positive pattern of cderpuse in Brazilian schools (Castro
et al., 2007). In our survey, we found that 82%hef municipal elementary schools of
Niterdi city have computer laboratories. These det@al the great disparity in computer
distribution. In Macaé, another city in the stat&k@ de Janeiro, both the amount and the
guality of equipment in computer laboratories wirend to be inadequate at that time
(Oliveira & Alves, 2003). In addition, states, pnamses, cities, schools, and donors are
investing millions of dollars in projects that se&k improve education by providing
schools with computers and internet connectivitgcéhtly, the Brazilian government
starts a bidding process to buy 150 000 notebamksiblic schools. This is a part of the
program called one computer per student and thestment will be around R$ 750
million of real (US$ 350 million). The harsh tru#tbout school computer programs is
that, if teachers are not effectively prepared gindn the confidence, time, and resources
to make routine use of these expensive tools iacgffe leaning situations, then these
investments in technology will have little or nopgactt on education (Rusten et al., 2002).

To contribute with this discussion we have investg the use of computers in
state schools located at Rio de Janeiro city, apoitant Brazilian city. According
official data (Secretary of State for Educatiorere are 284 state schools in Rio de
Janeiro city. Of all, only 77 (27%) have computdrdratories (figure 2). We performed
guantitative and qualitative analysis in 35 of thé¥ schools (figure 2). During our
visits, a survey questionnaire was answered byehehers (35 teachers were enrolled)
and some important qualitative questions were aedly

There was 46 958 students in those 35 schoole@ydi16 computers. The state
schools offer secondary education in a triple-séyfitem. Each shift has approximately
489.2 + 286 students of all grades and 11.8 + @puters in each laboratory (figure 3).
This is a negative index when compared with othmmtries such Turkey, Thailand,
Russia that have 20/1 student/computer ratio (OPCEX, 2003). On the other hand,
developed countries posses more balanced studenmiter ratio. These data reveals,
apparently, a very low level of informational teologies use in these schools, until now.
Much is discussed about the computers laboratomaglementation but flawed
discussion about the effectiveness of these teobred. On the other hand, when

analyzed some qualitative data, the results show#ferent picture. Among the 35
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teachers enrolled, only 11 use the computers ladmiea (figure 4a). When we analyze
how often they use the laboratories, another efitieality arose. Most of teachers uses
the laboratories once each 2 months for their elaéisgure 4b). Only 2 teachers uses the
computers weekly (figure 4b) and the main explamato this weak use was the great
working time spent by the teachers weekly. Somehte@® spent more than 60 hours
weekly in classes. The second more frequent exptemavas the absence of technical
support to prepare classes. Indeed, we have lowbeunt computers, but on the other
hand, teachers don’t use these technologies fréguehhese data point out the
importance of teacher and teachers’ training araiftgation on the global pedagogical
(or educational) process.

Results of the Programme for International Studesessment (PISA) show that
Brazilian students are in a precarious educatiooatlition (OECD/PISA, 2003). Serious
problems are related to quality and equity in Biazieducation when compared with
almost all other OECD participant countries. Fomyars ago, Korea and Ireland had poor
quality education systems, but they rank near dipeof the world today (Hamburger et
al., 2007). Many Brazilian students do not holdies attitudes towards science. This
decline in attitudes appears to originate in laten@ry school, but is particularly evident
during secondary school (Gil-Perez et al., 2003heDstudies have suggested that this is
not unique to Brazil, but rather is a world-wideepbmenon (George, 2006; Hawkey &
John, 1998).

Without doubt, when computers are inserted intoliees in such a way they are
necessary for certain everyday transactions, a mependent relationship is furthered
each time such a transaction is carried out. Wslablishing computer laboratories is a
basic need, it is still more important to know hdovuse these technologies and to
understand their impact. We believe that teachesse ha central place in the whole
process and that success or the lack thereof ésthirrelated to teacher performance.
While the potential exists for the computer to litaie pedagogical change and to
diminish the access gap, the path to success s¢rgres unclear at best. We believe that
the solution to the problem does not lie in devisesh as the computer, but rather, in

increased technological literacy, especially inghse of teachers.
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4. CONCLUSION

Brazil is an emergent country that has experienggmoving social, economic,
and scientific performance on a global scale. Thpesitive characteristics seem
sustainable and promising for the near-term futuEeucational policies and the
introduction of computers and information techngl@ge still taking place, and, for this
reason, Brazil has certain qualitative and quantgéaadvantages in comparison to many
other developing and emergent countries as wealkasloped ones.

Brazilian education has changed significantly icerg years, but it is still far
from satisfactory. Access to basic education iglgemiversal, and secondary education
has been expanding very rapidly, along with higkducation at the undergraduate and
graduate levels. The government and the privateisacBrazil are investing millions in
projects to improve education by providing schoelgh computers and Internet
connectivity, but more effective investments aregemtly required to achieve

technological literacy and teacher development.
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LEGENDS

Figure 1. Some Brazilian socio-economical data.yTaee divided by the 5 political
regions (North, Northeast, West Central, southaast south) and total as well. These
data were obtained by Brazilian Institute of Statss and Geography (IBGE). The
numbers of home computers are based on usual mesgleThe value of Gross Internal
Product (GIP) are in Real (R$).

Figure 2. Summary of all state schools in Rio deeita city and the number of schools
that have computer laboratories. The data werer@utaby Rio de Janeiro Secretary of
State for Education. In detail, total of schoolsishhhave laboratory computers and

schools analyzed by this study.

Figure 3. Number of students and computers offaitate schools analyzed by this study

and the ratio between number of students and nuoflwamputers.

Figure 4. a. Number of teachers enrolled in studtbols and which use the computers

laboratories (only users) and b. The frequenciassefthese teachers (only users).
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4.2 ARTIGO 2.

Os Departamentos de Farmacologia das dezesselasedeomedicina do Rio de
Janeiro foram convidados a responderem um questiom@ordando suas praticas
correntes no ensino da disciplina. Outras inforreagdis como estratégias pedagogicas
utilizadas por cada departamento e/ou professorgdegecnologias da informacéo, livro-
texto, desempenho discente foram tamlsraliados. Das dezesseis escolas meédicas
existentes no momento do estudo duas ndo partcipda pesquisa.

Além disso, alunos das escolas participantes dal@storam também convidados
a participarem respondendo um questionario. Esslemente os dois questionarios
(alunos e professores) utilizados abordavam infoé@sa semelhantes; contudo, seriam
respondidos sob diferentes pontos de vista. Arpdos dados obtidos neste artigo foi

possivel desenhar o atual padréo de ensino da Ealoga no Estado do Rio de Janeiro.
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ABSTRACT

Knowledge of pharmacology is crucial for physiciates perform rational and safe
medicine. The present study describes the curtestnpacology educational practices in
the state of Rio de Janeiro’'s medical schools apdrts medical students’ perceptions
and preferences. All of the medical schools wereited to participate. The
pharmacology teachers filled out a survey thatudetl four sets of questions that
analyzed the following characteristics: 1. the fstifaracteristics; 2. the pharmacology
content; 3. the teacher’s concepts; 4. the commactipes and resources that were used.
Additionally, we collected information from 163 meal students using a semi-
structured questionnaire about the most effectiag to teach pharmacology and about
the details of their pharmacology education. Owults revealed that the number of
teachers with advanced degrees was not equallybdittd among the schools and that
only a few of these teachers conducted researchtaarght. All medical schools had
similar overall curriculums. We found that the nmlkdia projector was the most
common resource; no other use of informational &chnological resources was
reported. Passive methodologies remain a currestiegly in pharmacology classes and,
in general, the medical students are poorly mataf\s a result, these medical students
do not fully understand the integration betweenrplaa@ology’s basic concepts and their
clinical applications. In general, the common Bliami practices that involve teaching
and learning pharmacology could be improved. Marva pedagogical strategies and
the use of technological resources need to be mmaléed to adequately prepare students

for medical demands at a global level.

Keywords: pharmacology, medical schools, medical educatiomde Janeiro,

pharmacology curricula
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Introduction

Pharmacology is a mainstream, basic science isttidy of medicine and is one
of the crucial subjects that is found in basic ahrdical medical curricula (Faingold &
Dunaway, 2002; Gray, Danoff, & Shepherd, 2007; ughes, 2002; Hughes, 2003).
However, teaching and learning pharmacology is raptex task. Medical students are
expected to learn a significant amount of inform@atby the time that they graduate.
Because the understanding of pharmacology and m@uatimerapeutics demands the
knowledge of nearly 20,000 therapeutic agents @manDubois, van Gerven, & Cohen,
2007), the inclusion of this subject in a medicafriculum significantly increases the
guantity of information that students need to learhe primary objective of learning
pharmacology is to motivate medical students ton glanowledge of the general
pharmacological and therapeutic principles that iaidkhe effective management of
diseases (Chiu Yin Kwan, 2002). Additionally, phaculogy is more than a distinct
subject in medical education; it is an interdiscigty subject that integrates basic and
clinical sciences. This integration is evident lre tscientific journals in the following
areas of study: biochemical pharmacology, pharneggoand physiology, pharmacology
and toxicology, pharmacy and pharmacology in tlea af the basic sciences, pulmonary
pharmacology, cardiovascular pharmacology, neunopaeology, psychopharmacology,

therapeutic pharmacology, and clinical pharmacol@g}yu Yin Kwan, 2002).

Recent research has highlighted the need to reth®wnteaching practices in
pharmacology education (British Pharmacological By$tological, 2006; Faingold &

Dunaway, 2002; E. Hughes, 2002; Chiu Yin Kwan, 2002 Y. Kwan, 2004). The
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development of biomedical technology is advancirntty &t an unprecedented rate. Thus,
the teaching and learning of the pharmacologicénses within medical curricula
requires a novel, effective, and holistic approcmotivate medical students to learn the
essential objectives of this subject. Scientifigaattes in the field should lead to frequent
changes in the curriculum, which would be partidyldifficult to enact in a traditional,
content-based, didactic teaching environment, éslhecbecause of the congested
curriculum (Achike & Ogle, 2000).

Because there are practical endpoints for pharlogg@ducation, we focused on
the clinical errors that are specifically relatedtihe use of drugs and therapeutics. The
data from previous reports have shown that clinexabrs in the use of drugs are a
common, global problem (S. J. Wheeler & Wheelef)3)0Prescribing is a complex and
challenging task that requires knowledge of phasuacals and an understanding of the
principles of clinical pharmacology, among otheillsk(Likic & Maxwell, 2009). In
2002, a study from the U.S. reported a 19% frequafcrrors in drug administration,
and 17% of these errors were dosage errors (Baltgnn, Pepper, Bates, & Mikeal,
2002; D. W. Wheeler, et al., 2004; S. J. WheeleN&eeler, 2005). Conversely, in the
U.K., over 50,000 medication incidents were repbttethe U.K. National Patient Safety
Agency (Likic & Maxwell, 2009). Brazilian data comming drug administration errors
or adverse effects are scarce and are under-neggistbowever, several problems in
pharmacology education have been indicated (Rap&zewTrebien, & Boerngen-
Lacerda, 2006). Furthermore, several reports oscpdion errors and adverse effects

that are caused by drug-drug interactions in theziBan Hospitals have been reported
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(Cruciol-Souza & Thomson, 2006a, 2006b; Cruciol-BguThomson, & Catisti, 2008;
Passarelli, Jacob-Filho, & Figueiras, 2005).

Pharmacology education plays a central role in gake practice of medicine
because medication-induced adverse events, ingudnug-drug interactions, occur
frequently and have a negative impact on publidthethereby raising major concerns
about the adequacy of pharmacology education innbéical schools (Bates, et al.,
1998; Faingold & Dunaway, 2002; Lazarou, Pomer@&Zorey, 1998). These reports
emphasize the need to improve the ways that cuaedt unbiased pharmacological
knowledge is gathered and kept up to date for naédiadents and medical practitioners.
These reports also emphasize the need for funivesstigation of the teaching practices
that are used in current pharmacology educatioctipes.

The present study aims to describe the currentnpdiology education practices
in the medical schools of the state of Rio de Jandsrazil. We focused on the
educational strategies and resources that are ins#te medical schools and that are
involved in the teaching and learning of pharmagpldNe also focused on the students’

perceptions of pharmacology as a subject withimtledical curriculum.

Material and Methods

The present study was divided in two parts. Th& fiart focused on the medical
schools and the pharmacology teachers, and thendguart focused on the medical
students who finished the pharmacology portiorhefrtprogram.

Medical Schools and Teachers
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According to Rio de Janeiro’s Council of Medicil@REMERJ), which is the
institution that regulates medical practices in stete of Rio de Janeiro, sixteen medical
schools exist in the state. However, only fourteehools were included in the present
study. One school was excluded because it was t@mpalosed for administrative
reasons. The other school was excluded becausest bt include pharmacology in its
curriculum, which is a Problem-Based Learning (PBU)riculum. The pharmacology
departments of all of the fourteen remaining mddichools were invited to participate.
The head of each department, or one of his ortaéff sias contacted by phone or e-mail
and was asked to answer a questionnaire that wasosthem by e-mail.

Several general descriptive data (tablé&taH characteristics, pharmacology
content, and generairganization ) were collected from the Lattes Blaif. The Lattes
Platform is a database of curricula and institigionthe science and technology areas in

Brazil; it is available in Portuguese and Englisitép://lattes.cnpg.br/english/index.htm

The data on the pharmacology teachers for all 1dicakschools, were collected from
this database. In addition, many organizational@mdcular data for the medical schools
were obtained from their websites, when availaligbl¢ 1 Staff characteristics,
pharmacology content, and general organization.g Epecific questions (table 1-
Teacher’s perceptions and concepts and commonqgaaend resources) were collected
directly from the fourteen pharmacology teachewmurfof these fourteen medical schools
are public institutions that are maintained by fegleral or State governments in Brazil,
and these courses are offered to the studentsofrezharge. The other schools are
privately funded (profit or non-profit) institutish and although they charge for their

services, they also offer scholarships to someesiisd Responses were obtained from
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four teachers that worked in public institutiongldrom ten teachers that were teaching
in private schools. The first questionnaire, whislas given to the pharmacology

teachers, included four sets of questions thaetadythe following aspects: 1. the staff
characteristics; 2. the pharmacology subject cdrdaad the general organization of the
department; 3. the teacher’s perceptions and idead;4. the common practices and
resources that were used by each medical schoeld&tails of each set of questions are

shown in Table 1.

The questionnaire was largely composed of closexbtipns. The questionnaire
also contained several open questions; thus, tlgesstions allowed a qualitative
evaluation. When necessary, semi-structured irdesvi were conducted with the
teachersFurthermore, the survey questionnaire containgdraéquestions that required
the respondents to reply using a Likert scale gatirhe categories used in Likert scale
are described in results section.

Medical Students

One hundred sixty three medical students fronfabgeen medical schools in the
present study were randomly selected. All of thedenbts had concluded the
pharmacology course (which occurred between theests’ third and fifth year). The
second questionnaire, only for students, includeal dets of questions that targeted the
following aspects: 1.the students’ perceptions of the pharmacology contéin,
pedagogical preferences, and their grades anceZadimmon practices and resources in
their pharmacology program. The details of eachoSefuestions are shown in Table 2.

This questionnaire was largely composed of closegstpns.
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Statistical Analysis

The quantitative analysis was conducted by caligahe frequency percentages,
means, standard deviations, and minimum and maxivaloes using GraphPad Prism,
version 5.00, for Windows (GraphPad Software, Sareg® California USA,

www.graphpad.cohn

Ethical Considerations

The present study was approved by the Ethics Cteenifor Research with
Human Beings of Evandro Chagas Institute for CihiResearch, IPEC — FIOCRUZ.
All of the subjects (the teachers and studentd)gyeaited in the present study voluntarily

and signed a free informed consent form.

Results
Medical Schools and Teachers

The following descriptive results are summarized in Table 3:stladf analysis,
the pharmacology content, and the general orgaoizdbr all of 14 medical schools
(these data were obtained from lattes platform kdest@). Our survey shows that the
number of teachers with advanced degrees amorgchtu®ls was not equally distributed
(median = 3.0, min = 2.0, and max = 19.0). The juledical schools exhibited a more
significant variation in the number of teachers pabject. The compositions of the
curricula among the fourteen medical schools weateemely similar. We only observed
a few variations in these curricula, such as theeafdifferent textbooks and theoretical
references. The textbook that was most commonlgt uses Brunton et al., with Katzung

et al. and Rang et al. as complementary sources.pharmacology content was often
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divided into two or more subjects that were offededing different periods. The median
number of the total credit hours for pharmacologsvit44 total hours (Table 3.) Only
one of the medical schools in the present studygoted all of the pharmacology content
in one subject that took place over a total of haQrs. Conversely, half of the medical
schools offered clinical pharmacology as a sepaabgect. A debate exists concerning
the importance of clinical pharmacology in medicairicula. In the present study, only
50% of the medical schools had a dedicated disapio integrated clinical and basic
pharmacology concepts in the Rio Janeiro.

Many researchers have noted the central roleptm@tmacology plays in medical
curricula, and in our research, we obtained simisults. Eighty three percent of the
teachers in the present study considered pharngctodobe a complex subject, among
which, 17% of these teachers believe that it igx@nemely complex subject. All of the
teachers reported that pharmacology is a very itapbisubject, confirming its central
role in medical education. These teachers repdtiat pharmacology is substantially
interdisciplinary (56.3% of the teachers) and ndistiplinary (31.3% of the teachers).
All of the teachers reported that contents fromebtlubjects, such as mathematics,
chemistry, biochemistry, and physiology, are alseduwhen teaching pharmacology
(100% of the teachers).

The teachers were asked to report the percenfegfadents that passed class. At
eight schools (57.14%), the approval rate rangech fr0% to 90%, and at four schools
(28.57%), the rate was higher than 90%. At twohaf $chools (14.29%), the approval

rate was between 40% and 70%.
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The use of expository lectures was the main tegcsirategy that was used in the
medical schools in the state of Rio de Janeir@addition, the teachers also reported that
all of their students were encouraged to partieipattively during the classes. The
teachers also reported that they aimed to buildnmection between clinical practice and
the topics that were discussed in class. All oftdaehing strategies that were used by the
teachers in the present study are shown in Figuréh# multimedia projector was a
commonly-used pedagogical resource, in additiathédblackboard and the transparency

projector.

When asked about the use of educational softwarly, 2 of the universities
reported its use in pharmacology classes. Simulgtitutorials, and animations were not
common pedagogical strategies for teaching pharibggon any of the state of Rio de
Janeiro’s medical schools. The educational softweaewas used by 2 of these teachers
was a package that was made by the University @tt&iyde in Glasgow, Scotland,
called “The Strathclyde Pharmacology Simulation®iis package consists of a suite of
programs that simulates pharmacological experimentssolated tissues or in whole
animals. A variety of drugs can be applied in d#fg concentrations, and the effects can
be observed. No other resource, strategy, or pgiagqractice was mentioned by the
teachers in the present study. A significant nundfemedical schools did not provide
laboratory practice classes (56.3%). Of those dshtwat did provide these classes
(43.8%), they occurred from 3 to 5 times duringheaemester, and 55.6% of these
classes used laboratory animals.

Approximately 56.3% of the medical schools’ libesr did not provide enough

textbooks or theoretical references. In terms & dther resources that are normally
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offered by medical schools, we also analyzed tleeaiscomputers and Internet access.
All of the medical schools had computer laborawtleat were connected to the Internet,
but 56.3% of the teachers answered that thesen@sowere insufficient in number and

quality.

Another important topic that was addressed in pinesent study was the
pharmacology department’'s pedagogical orientatiod avhether it was clearly
articulated. All of the teachers (100%) reportedt tthere was no formal pedagogical

orientation in their department.

Medical Students

All of the medical students who participated in firesent study had finished their
pharmacology course. These students were in tffeiredr and had a mean age of 24
years. The medical students’ surveys aimed to egglee students’ points of view and
their pedagogical preferences. Additionally, selvepaestions were common to both
guestionnaires and were designed for both the ¢éeacind the students. Initially, we
aimed to discern the students’ satisfaction andvatbn level for pharmacology as a
subject. A Likert scale was used to measure tlesiell of satisfaction and motivation
concerning the pharmacology lectures (the scalegatanged from 0 to 3, with O being
dissatisfied and unmotivated and 3 being satisdied motivated). A significant number
(44,78%) of the medical students responded as lmbsogntented and poorly motivated
(level 1 on the Likert scale). Only 18 of the medistudents (11,04 %) responded as
level 3 on the Likert scale (completely satisfigdl anotivated). The other 38,04% (62)

and 6,13% (10) of the students responded as |@vatsl O, respectively.

80



The reports of the students’ pedagogical prefeaemuring the classes revealed
an interesting result. When we asked what kindr@frmacology lecture they preferred,
the students demonstrated a clear preference; ®af2the students liked expository
lectures. Conversely, many students had a preferiemanore active teaching strategies.
Approximately 29,45% (48) of the students answehedl the ideal teaching strategy was
an introductory problem (problematization), follavdy explanation and discussion
concerning the main theme. This item on the questoe allowed for an open-response,
and several students (4,29%) replied with an anshetr highlighted the relevance of
theoretical training and exercises to increase alvetest performance in their
pharmacology course.

The bibliography that was adopted by the pharnwagoprograms provided some
interesting data. The teachers and departmentstetidprunton et al. as the main
textbook; however, this book was not the textbdwit thost pharmacology students read.
The students preferred Katzung and Rang & Dalehag pharmacology textbooks
(54,60%), which were suggested as complementarycesuby the teachers. Many
students (80,37%) stated that computers and eduehtsoftware were relevant to
improving their learning. When we asked why, thiéofeing main keywords were used:
“helps memorize content”; “it is an environment et is possible to perform
exercises”; and “facilitation of the visualizati@f drugs’ mechanisms of action”. In a
comparative analysis that considered the other cakdiubjects, all of the students
reported that pharmacology was a very importaningortant subject in the medical
curriculum (Likert scale of 2 and 3). This answerim agreement with the teachers’

responses.
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Although pharmacology is well-known to be an idteciplinary science, this
finding could not be demonstrated here. A numbestoflents reported that they did not
need to read any non-pharmacology sources andhimaidid not need different skills in
any other area to study pharmacology. Twenty twicqreé of the students that were
enrolled in the present study stated that theyreacer used different skills from other
subjects to study pharmacology, and the same pagerof students stated that they
rarely use textbooks in addition to the pharmacpltextbook. The other 40% of the
students reported that they used other subjeath, @&s1 physiology, biochemistry, among
others, to better understand pharmacology’s coscept

Overall, the students’ academic performances wgere low. More than thirty
percent (37,42) of the students finished pharmagobath a grade of “C”, approximately
52,76% of the students finished with a grade of’ “&)d only 7,36% of the students
earned the maximum grade of “A.” Three of the stisleeported a grade of “D” in
pharmacology. In the teachers’ questionnaires, skedabout the approval rate without
considering the grades, since they stated thatjarityeof students passed class. Thus, it
is plausible to have a high percentual of passassdtudents, as reported by the teachers,
even with low grades, as shown in the studentgaeses on the questionnaires.

In agreement with the teachers’ responses, 90%hefstudents stated that the
main teaching strategy was the expository lectuéhough guided-exercises and
seminars were also sometimes used (2% and 8%,ctegbg). All of the students
reported the use of a multimedia projector as therpedagogical resource, which was
followed by reports of use of the blackboard. Tokofving result seems to conflict with

the teachers’ responses; a significant numberunfesits stated that the teachers did not
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use, or rarely used, clinical examples during tleetures (52,15% and 30.3%,
respectively), while the most of the teachers dedahat usually uses clinical examples
during the lectures. Additionally, the medical stots reported that there were no
practical classes and that no teachers used phaloggcsoftware in the virtual practical
classes. All of the students (100%) reported they tvere assessed using written tests. In
the open-response portion of this item, severalesits included seminars as a partial
performance assessment.

At the end of the students’ questionnaires, thveae an open-response field to
comment freely. The predominant response was telateéhe curricular distance to the
clinical subjects and to the lack of integrationvieen pharmacology and other medical
practices. A number of students suggested changjegiming of the pharmacology
course as in farther along in the curriculum, tonge when students are taking clinical
courses. This trend is at odds with the teachemsterns that were mentioned above, in

terms of the integration of the basic conceptsaimital practice.

Discussion

In the present study, we attempted to do a preéingimnalysis of pharmacology
education in the medical schools in the state af & Janeiro, Brazil. To do so, we
collected data from pharmacology teachers that esgmted the pharmacology
department in medical schools in the region. Sévkemes were analyzed, including the
pedagogical approaches that were used by the tsaghthat were preferred by students,
the textbooks that were used (adopted or preferi@u) the practical classes, among

others (Tables 1 and 2).
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Initially, we collected data concerning the univisfs pharmacology department
staff. There were a total of sixty seven profesaignincluding physicians, pharmacists,
and others, that were working at the medical sa&iopharmacology departments.
Physicians made up the majority of these profesésorFourteen of the sixty seven
pharmacology teachers were enrolled in our studi) each teacher representing one
medical school. These teachers predominantly wopetitime, spending at least 20 to
30 hours each week at each university. Severaheftéachers worked at two or more
medical schools. A full time job can provide sontvantages to the development of a
high-quality educational system; it allows the te=s to spend part of their time
conducting research. Studies have been conductddpthint out the importance of
physician-researchers, including clinicians andrtree in the academy. These teachers
have an important role in supporting students’rddie experiences (Lander, Hanley, &
Atkinson-Grosjean, 2010). Pharmacology is a dynast®nce that must regularly
incorporate new information.

Brazil's education is governed by a federal lawmfra996 (named "Lei de
Diretrizes e Bases"). This law establishes thahdrigeducation has to promote teaching
but also has to encourage the development of duter@search and the development of
university extension projects. However, a strongsgulity exists that some medical
schools do not perform research activities regul@vicCowan, 2005). We believe that
the teachers’ dedication to the academic activitieshe university, allowed them to
teach, to develop research and extension proj@atsio participate in clinical care at the
university hospital, which makes a difference ire tetudents’ education. Future

prospective studies should be conducted to inwestigvays to improve medical
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education. Additionally, teachers from private noadlischools are often part-time

teachers that teach at more than one school, whgilits in a heavy workload from the

different universities and the different coursesg;rsnursery, pharmacy, and others. This
heavy workload may contribute to a poor qualityeafucation for the students when

compared to that delivered by teachers that areigixely dedicated to one school and
one course.

The overall curricula and the pharmacology texksoovere similar for the
medical schools in our study. The average numbehafrs that was dedicated to
pharmacology subjects was 144, with minor variagitetween the courses analyzed.
This number was similar or slightly greater thanatimas been observed in other
countries, such as the U.S., U.K., Canada, and ddexMarin-Campos, Mendoza-
Morales, & Navarro-Hernandez, 2004; Tobaiqy, McL&yRoss, 2007; Zellner, Boerst,
& Semling, 2003). Conversely, pharmacology couesusually taught in one or two
parts, and only half of these courses attempt wremd clinical pharmacology. The
above-mentioned countries have offered basic anttal pharmacology as subjects for
medical students.

In the U.S., the U.K., and Canada, a clinical plarofogist profession exists
(physician or non physician), and many authors lmaperted problems related to clinical
pharmacology education (Gray, et al., 2007; Tohaag\al., 2007). In the present paper,
clinical pharmacology appeared to be a more ctlitoarse in pharmacology education.
More than 50% of the medical students stated thegived no clinical examples during
the pharmacology classes, and approximately 308#eo$tudents reported that examples

were rare; however, the teachers reported thatalipharmacology was often addressed
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in class. This apparent discrepancy between tipnsgs of the students and the teachers
is a complex phenomenon. Many factors are involneithe students’ perceptions of the
in-class teachers’ practices, including the stuslerdtings of the teachers (Beran &
Violato, 2009). These potential problems in clihipharmacology education could be
related to the prescribers’ errors and to a nurobeadverse events (Lertora & Atkinson,
2007). Several authors have stated that an imprerem clinical pharmacology may be
related to the shift in the medical curricula aweym the discipline-based to the more
integrated, problem-based programs, eliminating tleed for formal courses and
assessments in clinical pharmacology and theraggeufiGray, et al.,, 2007).
Unfortunately, to teach pharmacological basic cpteés an arduous process, and many
students fail to relate these concepts to praci# clinical experience (Lymn, Bath-
Hextall, & Wharrad, 2008). However, in at leastfhaf Brazil's medical schools,
traditional curricula are used, and no clinical mphacology course is given.
Interdisciplinary approaches and the use of activthodologies are still far from
popular in classes in Brazilian’s medical schoGlar data revealed a lack of integration
between the subjects, including those in the basd the clinical curricula. Integrative
approaches to the presentation of curricular metem undergraduate medical education
have received considerable attention because tiesgmt a cohesive approach to medical
problems and are believed to increase studentsivatimin (Antepohl & Herzig, 1999;
Lubawy & Brandt, 2002; Zellner, et al., 2003). Ciolesable interest has been expressed
in a pharmacology education that is capable of ptorg the acquisition of an integrated
basic and clinical science knowledge base and ofriboting to the development of

clinical reasoning skills.
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Changes in pharmacology education are being driwervarious forces. The
exponential increase in biochemical and molecutavkedge, emergent pathologies, and
the diminished efficacy of a significant numberdotigs may be a few of these forces.
The results of the present study revealed few miffees in the learning approaches. The
expository lecture was reported to be the main aggr that was used to teach
pharmacology. Variations, such as seminar presensaand clinical correlations, which
were used during the classes, were also reportedhbypharmacology teachers.
Otherwise, there were significant differences betwéhe teachers’ responses and the
students’ responses. The students reported thasigapy lectures were the only teaching
strategy used. Currently, several alternative exias for teaching pharmacology are
available, including problem-based learning, seted practices, peer assessment,
interactive computer based learning, virtual leagnenvironments, and integrative and
collaborative medical courses. Interestingly, thairmteaching approach was the
expository lecture, which is a passive strategy teaching. This approach was in
agreement with the students' preferences. Alterelgti the responses concerning the
motivational and class preference aspects werdicimg. If the teacher’s strategies are
the same as those preferred by the medical stydehysare the students not motivated
and satisfied? Teaching strategies may be mostteewhen the learners have the
opportunity to think and talk together, to discudeas, and to analyze and solve
problems. The motivation scale is a useful param#tat avoids constant teacher
mediation. This result is intriguing because, ie firesent study, the students preferred
the expository lecture, and they were not contemind their classes. Much discussion

has been made regarding active methodologies anditficulty in implementing them

87



by teachers and schools; however, there has béa discussion concerning the
student’s barrier in implementing these active méthogies. In general, these active
methodologies force students to work hard duringss®s and in other extra-class
situations. These conflicting results should beegtigated further in future studies.

The teachers observed that many students, aflgreaofew lectures, failed to
comprehend much of the lecture material. Thesectiddectures were delivered via
PowerPoint and were distributed as black-and-whdétedouts. Many students appeared
to focus too much on the details instead of onctéreral idea of the lectures. The level of
noise in the classroom grew as the students bedasteand became increasingly
inattentive during the lectures. These distractioagatively affected the course, and the
class attendance declined by as much as 25% (Eather, & Rohr, 2009). Several
pedagogical strategies could be used to improveotterall students’ performances,
including games, collaborative practices, and etlgal software, among others (Cain,
et al., 2009; Kanuka, 2008). In this context, oy teachers in two different medical
schools used educational software. None of the ebthiers reported using another
approach while teaching pharmacology. In additrmne of the students reported the use
of educational software.

In the present study, an interesting result masuse of the multimedia projector
among Rio de Janeiro’s pharmacology teachers. fAth® respondent teachers reported
that it was the main resource used. The multimpobgector was designed to be used for
multimedia presentations. This tool allows for tdgag in more than one form and
combines the use of text, audio, graphics, fulliorotvideo, show animations,

simulations, and detailed images, among others iftortant tool has also been used in

88



the medical schools in the state of Rio de Janekdusively as a high-definition
transparency or slide projector to present statiages. In a previous study, a meta-
analysis of 26 primary studies, which yielded 7@-pase comparisons of the dynamic
and static visualizations, revealed a medium-sizaarall advantage of instructional
animations over static pictures (Hoffler & Leutn@Q07). In this context, the current
pharmacology education practices in the Rio deidangedical schools are in opposition
to the contemporary theories of cognitive load amdtimedia learning, resulting in
negative practical implications for instructiona&sign.

In the present study, we acknowledged that thiwithes that take place in the
laboratory are rarely used while teaching pharn@pol More than half of the medical
schools have not provided these classes to thettests during their pharmacology
course, which indicates that laboratory animals rave used. This finding is relevant
because in Brazil and other countries, ethical id@nations exist that are related to the
use of animals that pose a number of restrictitmaddition, it is possible that other
factors are related to the absent of laboratorgtjmes, including low levels of teacher
motivation, and an absence of general supportitioqme practical classes. Even so, there
is no trend to replace these laboratory pharmag@bgractices with animals at the
schools that do not offer these kinds of activitiéer instance, there are a number of
reports that show that there are learning advastégesimulations practices and other
computer-based approaches (de Boo & Hendrikserp; 288ffler & Leutner, 2007; Van,
et al., 1999; Via, Kyle, Trask, Shields, & Mong&t04) when these practices are not

possible.
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Brazil is currently concerned with the qualitywfdergraduate teaching, which is
directly related to the pedagogical competenceasofeiachers. It is important to consider
the pedagogical preparation that is given to te@checause it is one of the essential
aspects in teaching-learning dynamics. Higher dthcaeachers, especially medical
teachers, are often considered to be specialidissior her discipline and in his or her
knowledge field. This level of expertise is essantdr admission to the medical school
staff. However, not all professors at medical sthooave the basic pedagogical
knowledge to provide effective teaching and tolf@te learning in the classroom, as
was observed in the pharmacology departments ahtgical schools in the state of Rio
de Janeiro. Medical professors are extremely walhéd in their respective research
fields but have very little or no formal teachaiming (Houlihan, Fraser, Fenwick, Fish,
& Moeller, 2009). This lack of training could be amportant cause for the poor
motivational status of the medical students. Prbgegraduate courses have included
training in pedagogical approaches at the mastdrdarctoral levels to better prepare
future teachers. Graduate students now have to leterigaching activities as a requisite
to completing their courses. This strategy to iaseethe competency of teachers began
when significant growth was observed in the nundfestudents in the graduate courses.
The data, however, have shown that there has beémprovement in the pedagogical
competences of the pharmacology educators of tltkcaleschools in the state of Rio de
Janeiro.

As an important part of interdisciplinary, medicadlucation in conventional
medicine, improvements in the breadth of pharmappolmowledge and in the teaching

practices for this topic are essential. Future mss and professionals in all health
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careers must be given a solid pharmacology educébiondation, upon which they can

build their knowledge and practices.
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Figure 1. All of the teaching strategies practiced by tharpiacology teachers in the

medical schools in the state of Rio de Janeiro.dlis®lute values are presented by

numbers in parentheses.
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Tables

Table 1. Analyzed information from the medical schols and the pharmacology teachers

Staff characteristics

-Teacher’s basic education

-Teacher’s graduate level

-Teacher’s total working time

-Teacher’s other occupation(s)

-Number of pharmacology teachers per medical school

Pharmacology content and general organization

-Number of pharmacology related subjects (ex.,dasd clinical pharmacology)
-Pharmacology curriculum

-Textbook adopted

Teacher’s perceptions, experiences, and ideas

-Level of difficulty compared with other medicabcts (to teach and learn)
-Knowledge’s dependency on other medical subjects

-Overall students’ performance (approval and abamdo

Common practices and resources

-Learning approaches (lectures, seminars, tutoriafed self-directed study, among others)
-Pedagogical orientation

-Whether students are motivated to search for asbarces of information (scientific papers and
websites, among others)

-Laboratory practical classes (use of animals oruse of animals)

-Availability of textbooks and other referenceshia medical school library

-Computer use and Internet access provided by rakstitool

-Pedagogical resources (blackboard, smart boardtimedia projector, and slide projector, among
others)

- Use of educational software as a pedagogical tool
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Table 2. Analyzed information from the medical stuénts (n = 89 students)

1. Students’ perceptions concerning pharmacology otent, pedagogical preferences, and grades.
- Motivation and satisfaction during pharmacolodgsses (Likert Scale, 0 — 3)

- During pharmacology classes, do you prefer:
1. A traditional expository lecture. The teacheregents all of the pharmacology content. (passive
learning)
2. The pharmacology content is presented througblpms and tests in a clinical context. The eXpogi
lecture is not performed.
3. The pharmacology content is presented througihlpms and tests in a clinical context and théwe t
teacher presents the content with an expositoryitec
4. Other (please explain)
- What pharmacology textbook did you use?

- What do you think about use of computers andathmal software as a tool to facilitate teachingda
learning in pharmacology?

- Comparative pharmacology’s level of importanctéhwie other medical subjects (Likert Scale, 0 — 3)
- Did you use textbooks of a different subjectudys pharmacology? (e.g., Biochemistry, physiology,
chemistry, and others)

- Final grades (A, B, C, or D)

2. Common practices and resources

-Learning approaches (lectures, seminars, tutoriated self-directed study, among others)

- Usage of clinical examples during classes (Lilgmrale, 0 — 3)

-Pedagogical resources (blackboard, smart boardltimedia projector, and slide projector, among
others)

- An interdisciplinary approach to teaching was digeikert Scale, 0 — 3)

- Textbook adopted

-Laboratory practical classes (use of animals oruse of animals)

- Students’ assessments (written tests, oral testsinars, projects, and self-assessments, ambegsdt
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Table 3. General Descriptive data (Staff analysigharmacology content, and general
organization) - (Lattes Platformn=67

Total number of pharmacology teachers (for a|

of the medical schools studied) 67

Medical 42 (62.69%)

doctor

Undergraduate Pharmacist 12 (17.9%)
Biologist 9 (13.41%)
Other 4 (6.0%)
PhD 49 (73.13%)

Graduate Master 10 (14.93%)

Degree
Other 8 (11.94)

Median, 144 hours (min, 36 hours; max, 180

Pharmacology Credit Hours (total) hours)
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4.3 ARTIGO 3

A importancia da pratica docente interdisciplina sua relacdo com a formacao
dos professores atuantes no ensino médio e superianalisada a partir da coleta de
dados por meio de questionarios e entrevistas cgofegsores de diversas formacdes e
atuacbes no municipio do Rio de Janeiro e areaopwitana. O questionario inicial
buscou coletar e analisar as percepcfes dos professobre o tema. Em um segundo
momento alguns professores foram solicitados aapaepm um plano de ensino sob a
perspectiva interdisciplinar.

Este estudo preliminar foi relevante no sentiddodear possivel o conhecimento
sobre as préticas interdisciplinares regionaisreelacdo com os dados da literatura

disponiveis.
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Perceptions and Applications of Interdisciplinarity by High School Teachers in Rio

de Janeiro - Brazil

Abstract

This study aimed to analyze teachers' perceptiocearoing interdisciplinarity as well as
its importance in Rio de Janeiro/Brazil. All thetalaoncerning teachers' perceptions
were confronted with teaching plans made by thehes (a subgroup; n=15) in an
interdisciplinary basis, and that all the teachesolled (n=77) claimed to have a solid
knowledge of interdisciplinary themes. Almost 60% tbe teachers stated that they
currently integrate interdisciplinary practicestheir classes. None of the teaching plans
filled all criteria previously established for intésciplinarity. In conclusion, we could
observe that theory and practice of interdiscipltyaare still far removed from
classrooms.

Keywords: Interdisciplinarity, High School, Public SchoolgpRle Janeiro.
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1. Introduction

Interdisciplinarity is a polysemous term. Many authhave proposed different
classifications to distinguish it from ‘multidisdiparity’, ‘pluridisciplinarity’ and
‘transdisciplinarity’ (Japiassu, 1976; Klein, 1990; Lattuca, 2001; Nilti2006; Nissani,
1997; OECD, 1972). The differences are based enwhy disciplines interact in a
curriculum, how closely they bond and what is prtlas the result of this bonding
(Japiassu, 1976; Klein, 1990; Lattuca, 2001; Nilti 2006; Nissani, 1997; OECD,
1972).

According to (Japiassu, 1976; Nikitina, 2006; Nissd997), interdisciplinaritys
best seen as bringing together distinctive compisnehtwo or more disciplines. We
consider an interdisciplinary activity to be a pss of exchange and cooperation
between knowledge, theory and the research metmmjsted by disciplines, overcoming
simple juxtaposition of subjects.

In Brazil, the concept of interdisciplinary praetids included in the National
Curriculum Guidelines for high school. In the opimiof the National Education Council
and the Board of Basic Education (Brasil, 1998grdisciplinarity assumes the existence
of an axis of integration that can be the objeckmbwledge, a research project or an
intervention plan, to be implemented within the nieavork of education. Thus,
interdisciplinarity overcomes the juxtapositiond$ciplines without diluting them into
generalities (Brasil, 1998).

In 2009, the Brazil's Ministry of Education (MECYygposed a program entitled

"Innovative High School". The program seeks to pievsupport for curricular
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innovations for high school education in Braziligmblic schools. The goal is to search
for interdisciplinary articulation focused on theveélopment of knowledge by integrating
activities and developing relationships betweenctirestituent axes of high schoathich
are determined by the program*a®rk, science, technology and culture” (MEC, 20D9a
However, the results of a study entitled "Teaclermrazil: difficulties and challenges”
(Gatti & Barreto, 2009) launched by the United Na Educational, Scientific and
Cultural Organization (UNESCO) shows that much led# thore than two million one
hundred thousand teachers of primary and secoratrgation in Brazil face two major
problems: low wages and poor training. This suggdsat the development of better
wage policy is not enough to ensure education taince teacher training does not
provide satisfactory quality, presenting a curnicnlthat is not related to professional
practice (Gatti & Barreto, 2009).

A consistent curriculum proposal organization, ugithg a combined
interdisciplinary perspective focused on knowledtprelopment through information,
skills, values and practices, is crucial for thevattement of Brazilian education.
Therefore, among other things, political commitmant the technical competence of
teachers are necessary factors for success. Inctimtext, this article presents and
discusses the results of a survey on perceptionfaailty members from various
backgrounds and levels of education, focusing tligh hschool, concerning the
importance of interdisciplinary practice. In adadlitj we sought to understand aspects
related to the teacher’s training on the implemigonaof these practices, including their
opinions on the conditions that their institutiooféer for applying an interdisciplinary

curriculum.



2. Material and methods
2.1. Participants

Seventy seven teachers from high schools in Ridageiro and its metropolitan
area participated as volunteers completing a questire with closed questions on

"interdisciplinarity."

2.2. Questionnaire

The questionnaire was designed based on reviewhefliterature (Augusto,
Caldeira, Caluzi, & Nardi, 2004; Nikitina, 2006;9$ani, 1997) and examined at a pilot
trial. On interdisciplinary aspects, in general, we sought following information: a)
knowledge of issue (concepts, definitions etc)ldtpils of initial or continued training of
these professionals, specifically if there wasrohtiplinary training at any level of their
education; c) teachers’ opinions on the importaotenterdisciplinarity in teaching
practices; d) aspects related to the pedagogickheademic environment to facilitate the
construction of interdisciplinary activities; e) ethexistence and frequency of

interdisciplinary practices in their institutions.

2.3.  Quantitative and qualitative analysis

Compiling subjective data and perception througk reviously answered
guestionnaire, we quantitatively and qualitativelyalyzed lessons plan prepared by
teachers chosen at random. We asked 15 out of rficipating teachers to construct a
teaching strategy with an interdisciplinary ba3isis should involve his or her discipline

in a theme freely chosen by each teacher.
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We adopted the following criteria in evaluating ttecuments (lessons plans): 1)
objectives to be achieved; 2) disciplines involveatrelated with the number of teachers
involved in the planning and development activitiesthe classroom; 3) the teaching

strategy or methodology adopted and 4) the leanpingess assessment.

2.4. Statistical Analysis

The averages, deviations, medians, chi-squarehencdonstruction of graphs were
performed using GraphPad Prism version 5.00 forddivs, GraphPad Software, San
Diego California USA (www.graphpad.com). Resultgeveonsidered significant when p

<0.05.

2.5.Ethical aspects
All subjects participating in this study were wvoleers and signed an informed

consent document.

3. Results
3.1. Questionnaire analysis

Data on training, occupation and socio-economiampaters were required for the
initial part of the study. The faculty participaritad different levels of training and were
working at high school level. Detailed data obtdinethe early part of the questionnaire
are presented in Table 1.

The second part of the questionnaire sought touatalthe teachers’ perceptions
on interdisciplinarity. When asked if they undecgtowhat interdisciplinary is, all

teachers answered yes. From the total number ohéesa who answered positively, 6
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replied saying that they had little knowledge abth# issue, whereas 45 teachers
reported having a good knowledge, and 26 respottdgdhad very good knowledge on
the subject (Figure 1).

Figure 2 shows the results of teachers' answers vals&ed about their initial
training. Twenty-eight teachers said they did navéhinterdisciplinary training during
their undergraduate studies, and 49 said they hddshch training. Considering the 49
teachers, 18 considered that they had had a pawmiing regarding interdisciplinary
aspectsMoreover, 26 teachers said they had good trairamg, 5 others, a very good
training (Figure 2). A more detailed analysis, wdtta crossing from the highest level of
training (higher degrees) and interdisciplinaryinirgg during the period, showed that
teachers with higher degrees (graduate) had maeediaciplinary practices (Chi-square,
p = 0.0013) (Figure 3).

All participants felt that interdisciplinary edugat is an important pedagogical
practice in the educational context (Figure 4).tystkree teachers believed that to teach
and develop activities under the interdisciplineoycept are very important.

Figures 5 and 6 show teachers’ answers about t@utions in which they
performed their professional activities. Figure Bows the teachers' views on the
influence of organization and academic space omdévelopment of an interdisciplinary
teaching. Twenty-seven teachers considered thahagtion and academic environment
do not facilitate interdisciplinary practice. Mokew, 41 considered the same factors
facilitate very little.

Figure 6 shows the responses of teachers on ttetepge and frequency of

interdisciplinary developmental practices in thestitntions where they teach. Six
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teachers answered that there was no interdiscrglipeactice, and 3 stated that such
practices are very common. For 68, interdiscipltgawas not a priority (37 teachers) or
a small priority (31 teachers) in their institutton

When asked if they use interdisciplinary practiceew they taught classes, 46
teachers answered yes and 31 answered that thayotigFigure 7). These results are
inconsistent with the lesson plans developed bgetgh school teachers, which do not
show evidence of knowledge or existence of interdimary practices in daily school

life (table 2).

3.2. Quali-quantitative analysis

The 15 lesson plans developed by teachers wereileohgmd analyzed according
to criteria previously described. The compilatierpresented in Table 2.

The evaluation of the submitted plans shows thatehdthers did not determine
the learning objectives, only 2 contained the preseof more than one teacher in the
development of the proposed class (Table 2 - ded 8). It is clear that interdisciplinary
activities, when present, are developed by indi@idachers, possibly by their own
initiative, without any evidence of incentives onceuragement from institutional
academic policies. (Figure 6 and 7).

Two others lesson plans (Table 2 — doc 4 e 5) hadtrategies or teaching
methods that would be adopted, and only documerstsdl2 presented procedures for

assessing student learning.
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4. Discussion

According to the Brazilian Academy of Science, 8uzial, technological and
scientific development of the country is relatedhwva reform of the educational structure.
To do so, it is essential to improve primary ancoselary education quality — especially
science teaching — and restructure university @srsin order to promote
interdisciplinarity with flexible curriculums tha&nrich students’ scientific (Chaves et al.,
2004; Hamburger et al., 2007).

The explosion of knowledge requires an approacissoes and problems that
favors interdisciplinarity by means of curricularleXibility. However, the
interdisciplinary paradigm and contextualization sehool knowledge are still poorly
prevalent in the Brazilian educational system. Noaye, it is essential to work
effectively as a team to solve problems in différeontexts using critical thinking and
analyzing and synthesizing information. Howeveer¢his little evidence that current
educational systems are adequately fulfilling thgsels (Harper, Hedberg, & Wright,
2000).

The data obtained with the questionnaires pointstiois need for changes in
teachers’ training. It is noteworthy that 31 praiesals considered that they had had
poor training or did not have any knowledge aboderdisciplinary education in their
respective undergraduate studies. Even so, adb®&il teachers said they knew well or
very well the meaning of interdisciplinary educatigFigures 1 and 2).

Teacher training is an important factor because@@dgyuality course for these
professionals is essential to enable the implentientaf teaching and learning practices

within an interdisciplinary perspective in high soks. Teachers can be educated to



effectively overcome the traditional disciplinariapproach in schools, which generally
fragments knowledge and does not allow contextatiin.

Furthermore, we observed that graduate courses oimesway promote
interdisciplinary studies more than undergraduaterrses (Figure 3), though this
possibility is a seemingly paradox because thiglle¥ training is closely related to the
specialties and disciplines. In this context, itikely that interdisciplinarity is the result
of increased political and academic demand intinsigraduation, forcing the teachers
to seek more knowledge integration in order to dgmpith academic obligations.
Limitations of this study make it not possible, lewer, to explore a deeper analysis on
this subject. Thus, we believe that further studies necessary to elucidate this result,
especially because it is a potential solution tertfisciplinary teacher training.

On the other hand, the development of more flexiildergraduate curriculums is
important to enable students’ interdisciplinary eation. This way, students can reorient
their education during the university course if essary and at the same time be a
professional with a solid scientific basis capatieoverpassing traditional disciplinary
barriers, becoming a more complete professionadsnlving ever more thematic and less
disciplinary career problems. The Brazilian Acaderoy Science believes that
interdisciplinary education can be more easily e@obd with short learning cycle courses.
This can be accomplished by a maximum two year B&¥jcle, followed by a
Professional Cycle. Similar model is already addpteEurope and USA. The Brazilian
Academy of Science institution suggests that theid3@ycle should be divided in three
major areas: Basic Sciences and Engineer; LifenSe& and Arts, Humanities and

Social Studies (Chaves, et al., 2004).
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Philippe Perrenoud points to some important isgbhat should be addressed in
teacher training (Perrenoud & Thurler, 2002), bemverhich a central problem is the fact
that a large part of disciplinary knowledge (biotay sciences, physics, history,
chemistry, mathematics, among others) is acquimgat po teacher training or is not
focused on during training. Therefore, there isistaticing of knowledge between the
teachers’ skill development and their ability tovelep effective strategies for teaching
their future students. Another teacher educatiayblpm is the fact that many of the
experts responsible for creating training coursastéachers believe that the proper
domain of disciplinary knowledge overcomes the ingoace of didactic or pedagogical
knowledge. Moreover, there is a large gap betwebatws prescribed in the training
courses and the reality of the profession.

An alternative to improve teachers’ training to wan primary and secondary
education is to build a curriculum in which studentthe future teachers — may be faced
with situations closer to what they will encouniertheir future activities. This includes
the early participation in real educational setigth the supervision of experienced
teachers in different contexts and schools. Thhs, ttaining of teachers within an
interdisciplinary perspective since the beginnirighs or hers professional education
might favor the implementation of these practicasemw they come to perform their
professional activities.

Examples of Brazilian universities that are alreaayking in this scenario are the
School of Arts, Sciences and Humanities, UniversitySdo Paulo (EACH/USP) that
have, among others, a degree for teachers in NeéBarances. EACH has an academic

project characterized by having a one-year basiecyvhich seeks to articulate specific



disciplines and interdisciplinary areas with sdi@ntcultural and professional formation
through projects and problem solving (Araujo & Ates) 2009).

In our survey, there was no teacher among the RAicipants who asserted that
interdisciplinarity is not important, only 14 arguthat it is not very importanowever,
for 63 teachers interdisciplinarity is a very imgamt teaching practice (Figure 4). Even
after many years of academic discussion in thigcidpe results of this study indicate
deviations that go from the simple meaning of therdwv"interdisciplinary” to its
application in the classroom. We can identify anomsistency when analyzing and
comparing the results discussed thus far with #ta gresented in Figures 5 and 6. These
figures show an analysis of the organizational etsp®f academic space, and the
existence of effective practices and interdiscanfynactivities in the institutions where
these professionals work. Only one teacher consi@grhis school provide a very good
environment and an organization that favor inteigigharity, and only three teachers
said that their schools develop interdisciplinagdhing practices very often.

Though all teachers stated that interdisciplinaigyimportant and the vast
majority of practitioners said that they know theaning of this term, schools do not
provide favorable conditions for the implementatadrinterdisciplinary practices in their
curricula. Lam, Cheng, & Choy (2010) have pointed that the way teachers perceive
the school influences their motivation to implememd persist to use new teaching
strategy and educational innovations. In that vgapools that are stronger in collegiality
and more supportive of practitioners’ competencd antonomy are more likely to

consolidate new teaching strategies.
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Through the questionnaire, some teachers answehad incentives to
interdisciplinary practice in school, when implertezh)y mainly originate from the
teacher's own individual efforts or from a colleaginterdisciplinary practice is slightly
encouraged by the schools’ direction and coordimsatdnother interesting finding is that
although most professionals believe in the impa#aaf interdisciplinarity, only three
respondents think there is enough information anghbject. Of those contributors, 12
said they did not have enough information, and&d that there is little information on
the subject.

The information shown in Figures 5 and 6 agree wititudy of teachers of nature
sciences from S&o Paulo’s public schools (Auguettal., 2004). The study highlights the
main difficulties experienced by those teacherheimplementation of interdisciplinary
practices in their institutions, namely: a) lacktiofie and difficulty to hold meetings on
pedagogical planning; b) lack of sources for redean the topic of "interdisciplinarity";
c) lack of material resources or adequate physigates in schools; d) the difficulties of
relationship and interaction with the school adstiition; e) the absence of pedagogic
coordination; and f) students’ indifference an@eklof discipline. In this sense, we agree
with these authors who state that although therediificulty in developing
interdisciplinary projects, it is not uncommon ftachers to use many unfounded
excuses for not updating the knowledge on scientifiethods and to develop more
efficiently their teaching activities.

Another contradictory result can be seen in retatmthe teachers’ performances
in the pursuit of interdisciplinary lessons at theispective disciplines. Figure 7 shows

that 46 teachers, out of the 77 that took parttos $tudy, prepared interdisciplinary
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activities to develop their lessons, compared &rdmaining 31 teachers who said they
did not. However, an inconsistency is highlighteldew we compare these results with
those presented in Figure 6, which shows that dhhge teachers answered that
interdisciplinary education was very common in tleglucational institutions.

Table 2, which presents a summary of the lessonspta fifteen teachers,
indicates that in general, teachers persist indéa of working alone in the development
of interdisciplinary practices. Only the teachersowdeveloped lesson plans 8 and 12
(Themes: "Industrial Revolution” and "Comparativéeudy of Culture in English
Speaking Countries”) involved more than one teaghé#reir project. Although we admit
that many teachers have the competence to condasses that address specific
knowledge of different areas, we advocate dialogud effective working between
teachers from different areas (disciplines) to duniterdisciplinary lessons. Cooperative
work tends to increase classroom potential in dardisciplinary perspective (Alves,
Silva-Filho, & Lopes, 2009). Besides, knowledgellsland professional competence of
others tends to create better conditions for thelesit’s learning. Even so, it is not
uncommon to find teachers’ resistance to workintip\weers. Although isolated activities
of some teachers have pedagogical value, it iswarthy that for an interdisciplinary
project to work at a school, it is central to hélwe engagement of a number of teachers
(Schimidt, Fonseca, & Alves, 2005), because it degsire, among other issues, regular
meetings for planning, implementing and evaluating.

Another key issue that needs to be considered casidcke relationship between
educational objectives and the assessment of tear@nly four teachers were careful to

determine learning objectives while planning faitltlasses (Documents 1, 2, 5 and 13).



However, only the first two also covered the evabtmaprocedures. The planning of
teaching strategies in the search for an intengliseiry practice should be conducted to
clearly define learning objectives. Focusing on ftpeals that must be achieved
(conceptual, procedural and attitudinal), the teagnepares instruments and procedures
for appropriate evaluation of student learning.

Two teachers, who were responsible for class dontsné and 5, did not
describe the strategies that they would adopt t@lde their lessons. Three professors
explicitly adopted lectures in a traditional way tbeir classes (documents 9, 11 and 15).

Brazil’'s Ministry of Education (MEC) states thattendisciplinarity should be
implemented due to a necessity in the school enment felt by the actorg,e.
principals, teachers and students. In this contagt,mentioned, the MEC suggests
processes such as project development for the roatish of interdisciplinary work in
the school environment (Brasil, 1998). Howeverydalo of the teachers that elaborated
lesson plans adopted strategies that could beecklat "Project-Based Learning" or
"Problem-Based Learning"”, which facilitate an idisciplinary approach and allows a
positive effect on students” skills development by Segers, Van den Bossche, &
Gijbels, 2003; Lam, Cheng, & Choy, 2010; Savery0&0 The themes chosen for these
lessons were: "The Senses of the Human Body" aaddtéchnology”.

There is extensive literature available on theaehimg methodologies for Higher
Education (Hmelo-Silver, 2004; Mamede & Penafo&@0Q1; Rikers & Brum, 2006).
However, in Brazil, theseractices are still incipient, and a more dramatienario is
observed in the employment of these methodologiesegular high school and

professional secondary education level. In addjtostudy by Silva-Filho and colleagues
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shows the lack of specific publications in Portuggjeor from Brazilian researchers, on
the use of the Problem-Based Learning (PBL) apiticeand the training of teachers to
employ it in primary and secondary education inZBréSilva-Filho, Lopes, Alves, &
Figueiredo, 2010). This is a relevant finding bessaas more material is made available
and easily accessible on these methodologies, riredey the probability that education
professionals will be empowered to implement teaglstrategies that are efficient for
the development of interdisciplinary programs ihaas and universities.

Brazil's Ministry of Education recently releasedotimportant parameters for
assessing the quality of primary and secondary attucin Brazil, both developed in
2009. These are the Index of Basic Education Deveémt (IDEB) and the National
Secondary Education Examination (ENEM), availablethee portal of the National
Institute of Educational Studies and Research Ani®ixeira (INEP). The results of
IDEB and ENEM can be also found respectively at todbowing Web Pages,
http://portalideb.inep.gov.br and http://www.enerap.gov.br.

The IDEB data, released on a scale from zero tostemws that private and public
high school had a modest increase in the natiorebge, namely 3.5 in 2007 to 3.6 in
2009. However, considering only the public schoatesm of Rio de Janeiro, the Ideb
observed was of only 2.8 (whereas the averagetprsgstem is 5.6). The results from
the ENEM need to be evaluated with caution bec#usesurvey is not obligatory and
therefore is not performed by all students. Howgtleose results confirm the large
difference in quality between public and privatei@tion. Because this article deals with
a case study in public schools in Rio de Janeins, important to point out the fact that

among the 50 schools that were in last place in ENEM, 49 are under state
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administration, which in Brazil is juristically thenain responsible for secondary
education (primary education is assigned to mualagministration and the universities
are majorly under federal responsibility). Morequvamong the top 50, 42 belong to the
private network, eight institutions are federallynfled, and one school is funded by the
state.

The favorable results obtained by such institutionge 2009 ENEM correspond
with some of the observations in this study. Itigl@aENEM has an interdisciplinary
character and background that seeks to measuuelenss ability to master languages, to
understand phenomena through the application otemis from different areas of
knowledge, to deal with problem situations, to d¢arg consistent arguments and
elaborate proposals for intervention in reality (ME2009b)Therefore, one would expect
better results from students whose education isasteaching practices that favor the
development of these skills.

Moreover, public institutions that are better rashke the ENEM are linked to
public universities or are few of the schools uniégeleral administration existent in the
country. One of the main reasons for their uppeitmm can be associated to the faculty
members’ qualifications. On average, these pradesds have higher degrees (masters
and PhDs are a condition to be hired at theseutisins) than the vast majority of public
schools in primary and secondary education. Morngowkee "Educational (or
Pedagogical) Guidance Services" in those schoelsnare active. This context confirms
our findings on teachers’ training and their intsctplinary experiences, suggesting that
further qualification facilitates the implementatiof interdisciplinary teaching practices,

at least in high school.
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5. Conclusion

This study showed that interdisciplinary practiégeshigh schools in Rio de
Janeiro-Brazil are not frequent, even with the mjof teachers indicating that its use
is important and must be recommended and encourégedrazil's Ministry of
Education. We were able to verify that teacherfizedhere are deficiencies in school’s
organizational structure and that they have lgtipport of the school management board
to develop such practices. On the other hand, wed@ut dearth on teachers abilities to
develop interdisciplinary lesson plans.

We believe that active methodologies — such ablemo-Based Learning, Project-
Based Learning and Investigative Case Based Legarngre crucial for interdisciplinary
practices. By making these methodologies more pteseyraduate programs that qualify
high school teachers, there is a great potentiakrdfancing the implementation of
interdisciplinary practices in Brazil. In additionhe continuing education of these

professionals is essential through graduation progr
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Figure Legends
Figure 1: Response of the teachers on the therfistefdisciplinarity.” The bars indicate
the number of teachers who feel they know the sulgjdittle, well or very well.
Figure 2: Perceptions of teachers about theirainitaining. Bars indicate the number of
teachers who felt they had disciplinary or intecgiBnary training in their respective
studies. The bar is indicative of interdisciplindrgining spread over four classes (bad,
regular, good or very good).
Figure 3: Influence of undergraduate and graduadehters and their interdisciplinary
experiences during training. (Chi-square, p = 03001
Figure 4. Considerations for teachers about theortapce in adopting interdisciplinary
practices in their activities of teaching and |@agn Bars indicate whether they are too
little, somewhat or very important for the teachers
Figure 5: Perception of teachers about the schaoghmization and processes as
facilitators of interdisciplinary practices of témeg and learning. Bars indicate if
teachers do not consider or consider whether tfeeters encourage too little or very
little interdisciplinarity in their schools.
Figure 6: Existence and frequency of interdisciguin practices in schools where
participating teachers work. The bars indicate #fsence of such practices or the
frequency of them.
Figure 7: Development of interdisciplinary actiggiby the participating teachers. The
bars indicate how many professionals said they witk these activities or how many

do not.
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Tables

Table 1. Total number of participating teachersjddid by gender, institution, age range, level adiaation,
workload, time of teaching, salary range, educatitwackground and training.

Men 35 Work in private institutions 15

Teachers 77 62
Women 42 Work in public institutions

General 38.9+8.7

High school 59
High school and undergraduation
Age group  Men 36,7+9.2 edulc_:ggﬁho\;vhich 4
(Mean £ SD) operates Elementary and high school
Elementary, high school and 7

Women 403+7.4 undergraduation

Mean £ SD 28.2+9.5 Teachi Mean+SD 159+7.2
Workload Max/Min 51/7 Ex er?::c;n(gears) Median 17
(hours/day) P y Max/Min  42/3
|
Salary
Range (US$) 154 400 5 400-500 11 501-1000 20 1001-1500 22 >1500 19

|

Undergraduate 40
Level of Training

Graduate 37
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Table 2: Summary of lesson plans submitted by &BHhers to develop interdisciplinary practice. Thigeda for evaluation of the plan were: objectivesbjects and teachers
involved, strategies or teaching methodology asg@ssment. * NP: Not presented by the teacher.

Doc Theme Lecture Objectives Disciplines Teachers Teaching strategies and methodologies Hwation
To know the culture of  Spanish, Geography, - . . . Papers
1 “Spanish speaking countries”Hispanic countries in ~ History, Physical Spanish (1) rl?la\ggr? tgﬁcﬂisss(lggok%rousso?tdsdre;istlirgg rslci\:‘a:‘unffté%ﬁsa;h Presentation
South America. Education and Art ' 9. sports, p ’ " andtest
" . Recognition of the . . .
The meanings of the Human. Biology, Physics and . Development of group projects by students and sieeadi Paper
2 Body" importance of the sense Chemistry Biology (1) lectures. presentations
organs
p i Biology, Physics and . Texts studies and use of "problems" that societggdaoday .
3 Nanotechnology NP Chemistry Biology (1) (e.g., pollution, energy and food) NP
4 "Vitamins” NP Mathematics and Mathematics (1) NP NP’
Biology
" . S AL Learning about the Physics, Biology,
5 Nature in B.raz.'.l' Climate relationship between Literature and Geography (1) NP NP
and Vegetation : )
vegetation and climate. Geography
. Presentation of maps of Italy, to present its topphy and
p : " Ni H|s_,tory, Ggography, . hydrography, photos of paintings and sculpturesftoe .
6 Renaissance P Science, Literature and Literature (1) Renaissance period, beyond the presentation afabedy NP
Arts Romeo and Juliet William Shakespeare.
"Study of the numbers in « English and . Students will learn how to write and pronouncerntbebers 1- «
7 English and Portuguese” NP Mathematics English (1) 100 in English. NP
8 “Industrial Revolution " NP History and Physical Elhs;:irgs((ll))and Use of texts and experience (machine Heron) " NP
History, Physics, . i
" it . Lecture, production of posters by students abaibtmefits .
° Industrialization NP Portuguese, Geography Biology (1) and draw%acks of the Srocessesyof industrialization NP
and Mathematics
Portuguese, Literature  Portuguese (1) From the novel "The Slum" by Aluizio de Azevedolche
10 "Earth: Water Planet" NP and S%:iencé Litera?ure ) discussions with students about basic sanitatiombbe water NP’
' conservation and prepare educational pamphletseosutbject.
"The Process of « . .
11 Industrialization” NP Geography and History ~ Geography (1) Lecture. NP
. English (1), . . . .
Comparative Study of . Comparative study of culture and different Engbgleaking
12 Culture in English Speaking NP* EESQISCZI (égz?:;i%?]y and Sﬁg%ﬁﬁgza(ll) countries, and the implementation of a tournameéttt the NP
Countries Education (1). most popular sports in countries where they speafigh.
Construction by . I
13 "Principles of Inertia" students of the concept Physics and Biology Physics (1) Classroom practice - there was no specificatiamerclass by NP

of inertia.

the teacher.




Table 2 (continuation): Summary of lesson plansttbd by 15 teachers to develop interdisciplinargctice. The criteria for evaluation of the plaerer objectives, subjects
and teachers involved, strategies or teaching rdetbhgy and assessment. * NP: Not presented byetieher.

Presentation of the five regions of Brazil and juling a table
Mathematics and Mathematics with demographic data of these regions. Preseneatipnnaire .

14 Regions of Brazil NP Geography Q) that requires the student, among other issuegahgruction of NP
graphs.
" . Mathematics, Biology, . o
15 I\_/Iat_he_matlllcs and Other NP Portuguese, Chemistry Mathematics (1) Lectures yvhere content fr_om different d|SC|pI|ne{m_\kz| be NP
Disciplines' explored in association with content of mathematics

and History
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4.4 ARTIGO 4

O dltimo artigo se refere entdo ao desenvolvimenteso do software para o
ensino da Farmacologia. O software vinha sendongdesgdo desde 2007 e somente em
Janeiro de 2011 foi finalizado e testado no Cumsd-érias do Instituto Oswaldo Cruz
intitulado, Farmacologia uma Abordagem Integrada&raf selecionados 34 alunos de
cursos de Farmacia, de Biomedicina, de MedicinaeNfgiria e de Medicina.
Inicialmente, todos os 34 alunos realizaram umtgsée, com questdes aleatérias de um
banco de dados e posteriormente divididos em darsdgs grupos: um que participou do
curso usando o software, e outro que participouestendas aulas teoricas. Dois outros
subgrupos foram adicionalmente formados, aquelegatinham cursado Farmacologia
e agueles que ndo possuiam experiéncia prévia.

Ao final do curso,todos os alunos realizaram um pOs-testeoeamente com
guestbes aleatdrias. Dessa forma, foi possivelsanab impacto do uso do software
sobre o aprendizado, considerando alunos sem experiémda haviam cursado
Farmacologia, com outros com experiéncia prévian(@ que ja haviam cursado a
Farmacologia).

Outras informagdes relacionadas ao software, can@xyemplo, sua usabilidade
foram também obtidas a partir do uso da escalaila@zt. Adicionalmente, a percepc¢ao
do aluno quanto ao seu aprendizado, independentaotka obtida, foi também

considerada no questionario utilizado.



New educational software to Teaching and Learniagi®@Pharmacology
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Abstract

The present study empirically and qualitatively leaged the PHARMAVIRTUA
educational software, which we developed as aftogbharmacology education. The 34
students who participated in this study were eablh a summer pharmacology course.
One group of students had previously studied phemiogy and the other had no prior
pharmacology experience. Both groups were furthdrdiwided into two additional
groups, one that used the software and a groupitiatot. Analyses of the four groups
revealed a statistically significant improvementhe test scores of the groups that used
the pharmacology software. Qualitative analysestaflents’ Likert-type scale ratings
also indicated a positive correlation between safemuse and the students’ perceptions
of the software. The study results demonstrated tha&ential benefit of
PHARMAVIRTUA software for complementing other insttional methods.
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Introduction

The availability of computers has had a profoungant on society because of
their innumerable applications. In the context dfi@ation, computers provide a useful
resource for information searches, data analysts storage, and for improving the
learning environment. In science education, conrgodésed learning is also used to
describe, explain, simulate and predict scientfiocesses. Furthermore, educational
software can 1) aesthetically illustrate and déscabstract scientific phenomena at both
macroscopic and microscopic levels; and 2) fatditstudents’ apprehension of cell- and
molecular-level concepts in the biological and treatiences (O'Day, 2006; Sanger &
Badger, 2001; Williamson, 1995). Information andnoounication technologies (ICTs)
are important tools for teaching scientific subgetttat have visual components, such as
anatomy and histology, and subjects that cannotadeeasily illustrated, such as
physiology and pharmacology (McClean et al., 20@6rgan, Cleave-Hogg, Desousa, &
Lam-McCulloch, 2006; Novak, 2003). Pharmacologgnsinterdisciplinary course in the
study of medicine and other health sciences (Faingdunaway, 2002; Gray, Danoff,
& Shepherd, 2007; I. Hughes, 2002; Hughes, 2008) iategrates basic and clinical
sciences (Chiu Yin Kwan, 2002). Because learningrplacology is a complex task, and
because students are expected to learn a signifan@ount of information prior to
graduation, researchers have stressed the needeviewr teaching practices in
pharmacology education (British Pharmacological By$tological, 2006; Faingold &
Dunaway, 2002; E. Hughes, 2002; C. Y. Kwan, 2004iuXin Kwan, 2002).

To assist pharmacology instructors, educationalvesé was developed that was

designed to motivate students and to promote alweattarning environment. This



software was developed under a Creative Commorsade& The purpose of this study
was to evaluate the usefulness of this educaticadiware. This evaluation was
performed qualitatively by assessing student peimep and empirically by measuring
student test results. The software characterigifceavigability and user-friendliness

were also evaluated.

Material and Methods
Software Development

The PHARMAVIRTUA educational software was developasing Adobe®
Director® and Adobe Flash® software, both of whigte powerful and interactive
authoring programs.

The software was distributed as a CD-ROM or avéglabn the website
www.lcc.kftox.com. This version was designed to rim a Microsoft Window®
environment.

The currently available pharmacology software banclassified into six major

categories . Hughes, 2002 quizzes, e-books, tutorials, simulations, anioret/videos
and e-learning environments. These categories ate nmutually exclusive, and
Pharmavirtua, like other software packages, indudere than one category. The basic
pharmacology content is presented as a tutoriah vinypertext and illustrations,
animations of important pharmacological phenomsmaylations and a quiz.
Pharmavirtua software characteristics were integratvith educational needs and
validated by cross-functional, life-cycle softwaigrms that compete within rapidly
changing markets that are characterised by simyileapid changes in technology
increasingly recognise product development cyametias an important competitive
advantage. Effective cross-functional integratiomhwoncurrent product development
processes reduces product development cycle timerg®&n, Souder, & Jenssen, 2000).
Our cross-functional model was modified for edumaai purposes. Each content module
incorporated student and instructor feedback tatifieusability and educational issues.
This process provided greater flexibility in mamagidesign changes and reduced the

need for subsequent software design revisions.
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Educational Aspects and evaluation

The Pharmavirtua software program was evaluatedsammer course supported
by the Oswaldo Cruz Institute (FIOCRUZ), Brazil, tidad “Pharmacology: An
Integrated Approach,” which covered the basic pples of pharmacology
(pharmacokinetics and pharmacodynamics) from aerdigciplinary perspective. The
course load was 45 hours per week; 5 pharmacolugfyuctors were directly involved
with the course.

The course was open to students nationwide, witiniggion limited to
undergraduate students majoring in the biologicad &ealth sciences who met the
additional criteria of an average overall grade.& ahd a qualitative curriculum review.
During the 2-month application period, 78 applica were received, and 30 students
enrolled in the course. The addition of 4 auditsigdents resulted in a total of 34
students.

At the beginning of the course, the students recks pre-test with 20 questions
on basic pharmacology topics. Classes included Iexttures with case discussions
attended by all students and study periods forerevof the material presented and
discussed during lectures. During the study peristigdents could use the software or
other tools including textbooks, notes or Interoehtent other than the software. The
time allotted to lectures and study periods wasiliged equally throughout the course.

Participants were randomly assigned to one ofdleviing four groups:

The PNS group included students with previous ugréeluate pharmacology
experience who did not use the software (n=8).

The PS group included students with previous umdegate pharmacology
experience who used the software (n=9).

The NPNS group included students with no previousdeungraduate
pharmacology experience who did not use the so&\{a8).

The NPS group included students with no previougetgraduate pharmacology

experience who used the software (n=9).
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Pre- and post-tests

Pre- and post-test scores empirically measured sthdents’ knowledge of
pharmacology at the beginning and end of the sunuoerse, respectively. These tests
each included a different set of 20 questions dogdvsasic pharmacology topics, which
were randomly generated from a test database aof 5@ questions. Each question
assessed one of three cognitive abilities (Andeg&s&mathwohl, 2001):

Type 1 questions assessed basic memory. Six oR@hquestions measured whether
students were able to recall the definition or nreguof pharmacological concepts.

Type 2 questions assessed understanding. Sevére @0t questions measured whether
students were able to explain, paraphrase or peoexamples of pharmacological
concepts.

Type 3 questions assessed student’s ability toyagpbwledge. Seven of the 20
guestions measured whether students were ableetphasmacological concepts to solve

problems.

Qualitative analysis

A 5-point Likert-type rating scale was used to ea# students' perception of the
learning characteristics and instructional usefsgnef the software and its usability. For
each item, students indicated whether they stroaghged, agreed, neither agreed nor
disagreed, disagreed or strongly disagreed witlstdtement.

Students' opinions, suggestions and criticism vedse recorded for qualitative

analysis.

Statistical Analysis

Statistical and graphical analyses were performsidguthe GraphPad Prism
version 5.00 for Windows, GraphPad Software, Saregbj California, USA
(www.graphpad.com To compare pre- and post-test scores, two-tgakated Student's

t-tests were performed for each group. Results wensidered significant when p<0.05.



Results
The 34 students enrolled in the summer course firstalivided into two groups:

students who had studied pharmacology in their igrdduate courses and students who
had not yet studied this subject. Each of thesaggavas then subdivided with respect to
the use of software, as described in the methatt®aeabove.

All participating students were officially enrallen a public Brazilian university
where they took undergraduate courses in medigih@rmacy and the biomedical
sciences. The 22 female and 12 male students hadeaage age of 2¢ 2 years. No

socio-economic differences were observed betweegribups.

Empirical analysis

The analysed empirical measures included studergs'and post-test scores and
the amount of time students spent completing tbis te

Regardless of their pharmacology experience, th&-f@st scores were higher
than the pre-test scores for the PS or NPS grddpsever, post-test scores of the PNS
group did not exhibit improvement.

Overall, students who used the software appearedexhibit significant
improvement between the pre- and post-tests.

For the PNS group, the mean scores weret@& for the pre-test and 7+40.9
for the post-test. For the PS group, the mean saweee 5.2t 1.0 for the pre-test and 7.3
+ 0.5 for the post-test. For the NPNS group, themszmres were 5.5 1.1 for the pre-
test and 6.& 0.8 for the post-test. For the NPS group, the nseanes were 4.8 1.2 for

the pre-test and 74.1.0 for the post-test.

When students’ pre- and post-test performances wealysed with respect to the
cognitive ability measured by the question, a ddf¢ pattern emerged. For the type 1
guestions (basic memory), both the PS and PNS grexpibited improvement, and use
of the software appeared to have no effect onpedbrmance (see Figure 2). However,
for type 2 and 3 questions (understanding and appknowledge, respectively), use of
the software appeared to have a positive effe¢hahthe difference between the pre- and
post-test scores was significant for the NPS gr@ee Figure 2.) Compared to students
with previous pharmacology experience, studenth wit pharmacology experience who
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used the software exhibited improved pre- and peEsttperformance. Although the post-
test scores were higher than the pre-test sconreslfogroups, the difference was
statistically significant only for the NPS grougésFigure 2).

The time spent taking the test was recorded segparidr each student as this
metric is thought to be related to students’ temttggmance. The analyses found that
students spent less time completing the post-testypared to the pre-tests (see Figure
3).

Qualitative analysis

The PS and NPS groups who used the software caedpéetikert-type rating
scale and indicated their level of agreement witliesnents involving the learning of
pharmacology content and software usability (Figdie The learning perception
statements assessed improvements in logical tlgnkimd the students’ dependence on
the pharmacology textbook, instructors and softvwargchieve course objectives. Eleven
students agreed or strongly agreed that the sadtatanulated logical thinking and seven
neither agreed nor disagreed. Pharmavirtua wasieneloped to be used alone but in
combination with lectures, textbooks, tutors, e€.a complementary tool for teaching
pharmacology. Consistent with the intended purpokdahe software, a significant
number of students agreed or strongly agreed th&xtbook or instructors were
necessary to achieve the goals associated withitgapharmacology (see Figure 4).
Alternatively, fifteen students also strongly agtebat Pharmavirtua was helpful for
learning pharmacology.

The majority of students considered the softwareierall content and
organization to be satisfactory. Seven studentseaigand ten students strongly agreed
that the software’s content was well-organised aedrly presented. Moreover, twelve
students viewed the software’s content as up-te-(iate Figure 4).

Other software characteristics were also evaluakcery student agreed or
strongly agreed that the software navigation waspk and intuitive. In addition,
seventeen students viewed the software organiza®rmrlear and user-friendly (see

Figure 4).

134



To a certain extent, a positive perception of thganizational characteristics of
software, especially with respect to educationaitdiss, contributes to instructional
effectiveness (Flores, 2005). The comments of tadesits in the PS and NPS groups
who used the software are provided below:

Positive feedback

User 1: “Very instructive and stimulating.”

User 2: “Animations too didactic.”

User 3 “Helps to visualise the pharmacological emts. Easy to use.”
User 6 “Good texts and links that lead illustratéord animations.”
User 7 “The animations are excellent.”

User 8 “The simulations are interesting and imparta

User 9 “Clear and simple.”

User 14 “It's very interactive and stimulates cagiig.”

User 17 “Makes learning more dynamic and interactivs very intuitive.”

Negative feedback:

User 3 “Some topics are superficial.”

User 4 “The legends could be clearer.”

User 6 “The software is good; however, its apprdadiasic.”

User 7 “Even with a basic approach, the topicssaperficial.”
To address these comments, minor negative issues dilace been resolved to

improve the software. In addition, the program vitebisicludes a link for user comments
so that the software can be continuously improved.
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Pharmavirtua Software

Pharmavirtua was developed by faculty members and researchéng
pharmacology content focused on pharmacokinetidspdmarmacodynamics, which are
considered to be fundamental to the subject asaewihe software was distributed as a
CD-ROM or could be downloaded. The students couoktall the software or run it
directly from the CD. A double-click on the exedultafile brought up an initial screen
(shown in Figure 5). A list of the following maiogics was located on the left of the
screen: Routes of Administration, Pharmacokinettt®rmacodynamics, Calculations in
Pharmacology and Quiz. In addition, HELP and EXiittbns were located at the bottom
left of the screen, along with the CONTACT and lmigiaphy buttons (see Figure 5).

The project adopted hypermedia concepts with the ofs audio feedback,
animations, and hypertext. The software was arrdotze tutorial with simulations
(pharmacology calculations) and practice exerci¢ggizzes). These instructional

strategies are illustrated in Figure 6.
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Discussion

Descriptive analysis

Since computers became available in the 1950s,they had a profound impact
on society due to the innumerable variety of tlagplications (Flyn, 2002). Computers
now play an essential role in many aspects of sgcénd education is no exception.
Computer and technology resources that are avaifaol educational purposes include
educational software, virtual environments andsgfmg, among others. There are many
informational resources devoted to teaching phaotogy at the undergraduate level,
which was the focus of this study (Cain, EstheR&hr, 2009; Franson, Dubois, de Kam,
& Cohen, 2008; Weller, Merry, Robinson, Warman,aagsen, 2009).

Numerous pharmacology software packages have beggrloged in recent
decades. For instance, over 250 software packagede obtained from the British
Pharmacological Society (E. Hughes, 2002), and mathers can be found through
Internet searches.

However, rigorous scientific and instructional &% is needed to document the
benefits and user-friendliness of educational plaaotogy software. Currently, most
published articles on pharmacology software hawnlmescriptive accounts rather than
empirical investigations (Table 1). Future quaMatand quantitative research should
examine how these programs affect the learningenwient. Table 1 presents the results
of a search of scientific and educational datab&sereports on pharmacology software
and software instructional strategies. Although ynpharmacology software programs
can be found on the Internet, few of these prograave been evaluated. The process of
developing educational software is different froeveloping non-educational software,
such as business applications. Educational softwarst be designed to facilitate the
learning of users who may not already possess tbevledge presented in the program
(Lee, 2011). In the present study, the faculty amdearchers who developed
Pharmavirtua also evaluated its instructional imp&ing students’ test performances
and perceptions of the software as outcomes. lergéreducational technology products
developed by non-educators focus on the efficramtsimission of content, while products

developed by educators emphasise the learning gseseemployed by individual



students (Lee, 2011). The educational program ibestrhere was designed to be
integrated with the health sciences curriculum Bmbe consistent with a constructivist
approach. The pharmacology content of the softwa®e presented gradually, allowing
students to integrate the information with key @pts in physical chemistry,

biochemistry, biophysics and physiology. Thus, Rievirtua was designed to be an
interdisciplinary educational tool.

Moreover, Pharmavirtua included graphics, animatigimulations and a number
of educational resources to accommodate students might vary in their level of
background knowledge and learning styles. Effecédecational software requires not
only knowledge of computer programming techniquatsabso a thorough understanding
of the instructional content, which allows the depers to present and formulate the

subject matter in a manner that students can eamihprehend (Shulman, 1986).

Software evaluation

Many studies have investigated the effectivenessdoicational software in the
learning environment, and there are a growing numdfereports on the learning
processes involved in the use of such technologyHiBostroza, Rehbein, Mellar, &
Preston, 2000; J. E. Hinostroza & Mellar, 2001; ®laeet al., 2004)However, the use
of instructional software remains controversial &aese a number of studies have
identified problems with its use and have been lmab demonstrate significant
improvements in student learning (Dynarski et2007; Niederhauser & Stoddart, 2001).

Software evaluation is a formal procedure for jundgthe effectiveness of a
software program in the area or activities for vahicwas designed (E. Hinostroza, et al.,
2000). Hinostroza and colleagues (2000) describesktsoftware evaluation techniques:
an experimental approach that compares experimanthtontrol groups' pre- and post-
test results to assess the effectiveness of a pieseftware; a checklist approach that
applies a set of predetermined criteria to thewsanr®® program; and qualitative methods.
The present study used experimental and qualitatethods to evaluate the software.

Overall, the post-test scores were higher thanptieetest scores for all groups.
However, the difference was not statistically siigant for the group with pharmacology

experience who did not use the software. This tdsadicates that the software was
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effective. The main idea is that the course alomghout the use of software) cannot
improve the performance of students with previoupeeence in pharmacology.
Alternatively, the use of the software appeareddsist students in improving their test
scores regardless of the extent of their prior pla@ology experience, although the
possibility remains that the course alone was tgaificant factor for these students'
improvement.

As mentioned, both the pre- and post-test inclutlege types of questions. When
students’ test performance was analysed by questps a different pattern of results
emerged. The software appeared to be more effedtivequestions that assessed
understanding and the ability to apply knowledypds 2 and 3, respectively) than for
guestions that simply assessed memory (type 1).ifidtauctional strategies used in the
software may promote a better understanding of rpheological phenomena than
improvements in basic memory skills. In generadf-snd-practice and tutorial software
improves students’ memory skills. Pharmavirtua rhaye improved students' ability to
understand concepts and to apply knowledge bedawsed a variety of instructional
strategies. The software's use of hypermedia aadtident’s engagement in exploring
new concepts may explain both the positive relatigm between software use and
pharmacology learning and the difference in peréoroe for the different types of
guestions.

A separate endpoint of the analysis was the tiakert to complete the tests,
which was significantly longer for the pre-testrifar the post-test. The pre- and post-
tests were different; however, the questions fah bests were randomly chosen from the
same database, and the same types of questionsuseztdor both tests. Thus, spending
less time completing the post-test might be assettiaith learning efficiency rather than
mechanical skills or psychological factors. Althbuge course alone (i.e., without use of
the software) may be effective in decreasing thewarhof time needed to complete the
post-test, the differences between the pre- antitpsscompletion times were larger for
the groups that used the software.

The second technique used to evaluate the softm@sea qualitative analysis that
used ratings of statements in a Likert-type sc@lds technique was used to assess

students' perception of their own learning, therptzaology content of the software and



software usability. Many researchers have fountfbaitive perceptions of students and
faculty members are associated with learning oueso(@ynarski, et al., 2007; Novak,
2003; O'Day, 2006; Sanger & Badger, 2001; von Wahgin, Thiry, & Kochanski,
2009). However, the mixed results with respecthe eéffectiveness of instructional
technology reported in the literature do not allew broad conclusions to be drawn
(Kulik, 2003). More empirical studies are requirex determine whether educational
software consistently improves learning. The presstudy compared students'
perceptions of software characteristics with enspirfindings based on students' pre- and
post-test scores. Overall, the majority of the stud statements revealed positive
perceptions of the software, suggesting that thecatbnal environment created by the
use of new technologies might motivate students #sathers. As noted above,
Pharmavirtua was not designed to be a stand-alatbath or to eliminate the need for
textbooks or instructors. Rather, it was propose@ @omplementary approach to teach
pharmacology.

Other characteristics of the software were alsaluated, and significant
advantages were identified (figure 4).

The integration of animations, figures and texthia software’s content enhanced
students’ conceptual understanding, their ability dpply basic pharmacological
knowledge, and their motivation and desire to learn

Access to technology has grown rapidly in schoots lzomes. Nearly all students
own computers and have access to the Internes. tharefore crucial to identify the
advantages and disadvantages of implementing edoabsoftware. The results of this

study suggest that the use of Pharmavirtua bergfasmacology students.
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Legends

Figure 1. Pre- and post-test scores for all groups. PNSudesits with previous
pharmacology experience who did not use the sofw@a=8); PS - students with
previous pharmacology experience who used the aoft(n=9); NPNS - students with
no previous pharmacology experience who did nottbsesoftware (n=8) and NPS -
students with no previous pharmacology experiente used the software (n=9).

*p <0.05 and ** p< 0.001

Figure 2. Pre- and post-test scores for all student groupgjuestion type. Type 1
guestions: basic memory; Type 2 questions: undeistg; Type 3 questions: applying
knowledge. PNS — students with previous pharmagotégerience who did not use the
software (n=8); PS - students with previous phaotway experience who used the
software (n=9); NPNS - students with no previouarptacology experience who did not
use the software (n=8); and NPS - students witlpnevious pharmacology experience
who used the software (n=9).

*p < 0.05 and ** p< 0.001

Figure 3. Total time spent by the students to complete ttee pnd post-tests. PNS -
students with previous pharmacology experience gitianot use the software (n=8); PS
- students with previous pharmacology experience uded the software (n=9); NPNS -
students with no previous pharmacology experienice did not use the software (n=8)
and NPS - students with no previous pharmacologpeesnce who used the software
(n=9).

*p < 0.05 and ** p< 0.001

Figure 4. Students' ratings of software instructional cbhemastics and usefulness. SA =

strongly agree; A = agree; AD = neither agree neagftee; D = disagree and SD =
strongly disagree.
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Table 1. Summary of the available free or comméptiarmacology software programs and their respediiassifications and evaluations.

Software/Source
Strathclyde
package
KeePad system

Audience response
system

Podcast

Hopital de la
Croix-Rousse
X-cology

University of
Toronto

J W Goethe-
University
CD-ROM "Tox-
Didact

School of Nursing
CDROM

RELAX, package
software

Pharmacology
Software Package

PharmTest

HyperPharm

Aim/Content

Pharmacological experiments

General pharmacology (non-Exercises (audience
medical prescribing course)

Case-based discussions
(veterinary pharmacology)

Non-medical prescribing
course

Classification

Simulations

response system)
Exercises

Lectures

Drug interaction consequencesTutorials

and side-effects
To minimize use of
experimental animals

Pharmacologicainanagement Virtual reality practice
situations (simulation)

of cardiacarrhythmias

PK-PD models

General toxicology and

pharmacology

General pharmacology

Neuromuscular blocking

General and applied

pharmacology
Pharmacology of affective

disorders
General pharmacology

Simulations

Simulations

Tutorials and exercises

Clinical scenarios and

animated graphics

Simulations, tutorials,

graphics

Simulations, animations,
tutorials and exercises

Exercises

Exercises

Outcome*
Staff andent perception

Student perception

Exam results and active
learning environment

Perception and exam results

Descriptive
Descriptive and perception

Perception and exam results

Descriptive

Descriptive
Descriptive
Student perception and exam
results compared to textbook

use
Laboratory classes compared

Results

Reference

Positive perception of (Zlotos, Kayne, Thompson,

staff and students
Positive perception

Increased motivation

Kane, & Boyter, 2010)
(Lymn & Mas010)

(Doucet, Vrins, & Harvey,

without improvement in 2009)

long-term retention
Positive ptote

with grade

improvement

Positivecpption
Positive perception

with grade
improvement

General improvement

Positive perception

to perception and performancewithout grade

related to software use
Software evaluation

Exanttsesu

improvement

No difference between
groups

(Meade, Bowskill, & Lymn,
2009)

(Auzeric et al., 2009)
(Patil, 2007)

(Morgan, et al., 2006)

(Lotsch, Kobal, & Geisslinger,
2004)
(Ortega et al., 2000)

(Manias, Bullock, & Bennett,
1999)

(Ohrn, van Oostrom, & van
Meurs, 1997)

(Sewell, Stevens, & Lewis,
1996)

(Burford, Balfour, & Stevenson,
1993)

(Moore, Waechter, & Aronow,
1991)

* Qutcomes could be either qualitative (studentanstaff perception) and/or empirical (exam regulSome authors only described the software dpuedat or use.
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Figure 3.
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Figure 5.
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5. DISCUSSAO

Este estudo buscou conhecer de modo descritivarefeoo analitico (uso de
software educativo em Farmacologia) o uso das legias da informagao no contexto
educacional. A partir da experiéncia do nosso grapm o0 estudo do uso dos
computadores no municipio de Niteroi — RJ (Castidves, 2007), resolvemos ampliar,
na forma de uma revisédo e pequeno estudo de Gasop genario Brasileiro. Assim, foi
feita uma breve descricdo sobre o uso de compwsdw Brasil, nas Escolas e nas
Universidades. Em seguida, a partir do objetivonqpial de estudar o uso de um
software para o ensino e aprendizado da Farmaeglogia série de perguntas surgiu.
Buscamos conhecer sobre as praticas de ensinamadedogia nas escolas médicas no
Rio de Janeiro, sob uma perspectiva do professtw aluno. Os resultados obtidos
contribuiram sobremaneira para o desenvolvimentsadfiwvare. Embora, j4 detalhado
no Documento 2, na secdo ‘“resultados”, algumasliftades foram percebidas no
ensino da Farmacologia, dentre elas, a percepgaldoos da falta de integracéo entre
0os conteudos, de diferentes disciplinas, dentrondama disciplina, além da falta de
contextualizacdo entre a Farmacologia basica eécalirDesse modo, a integracéo
passou a fazer parte das preocupacdes e, compa@staa@onsistia no desenvolvimento
de um software para o ensino do contetudo basideadaacologia, foi resolvido que a
integracéo entre conteudos seria a principal filagmra o seu desenvolvimento.

No Documento 3, inspirado nos resultados do estadi@rior, buscou-se
conhecer sobre a percepcdo dos professores quartderdisciplinaridade, sua
aplicacao e as relagcdes com a formacao docenti@alnente, o ultimo (Documento 4)
trazendo os resultados do uso do softwpoe alunos de cursos de graduacdo da area

biomédica.

Uso das Tecnologias da Informacdo no Cenario Edudaoal Brasileiro

No Brasil, 0 uso de computadores e todos os resuwseles relacionados, ja
podem ser considerados uma realidade. Mesmo cgraades diferencas, tradicionais
no cenario brasileiro, o ambiente educacional,ipald privado, primario, secundario e
superior, ja utilizam tais recursos. Nao obstasdie, mais comuns os investimentos e as
acbes numa oOtica mais quantitativa do que quakitatiHa uma significativa

preocupacdo em ter os computadores, construibosdi®rios, prover acesso a Internet
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e, por outro lado, como utilizar, o que acessar, Goastde contetdos trabalhar e o
modo com que se deve trabalhar, parece ndo seaméenesse momento. O uso das
tecnologias da informacdo na educacdo, ndo pode associado a pesquisas na
Internet, uso de processadores de texto para arpgn de pesquisas, ou qualquer
outra atividade sem que exista uma estratégia eunzh com bases definidas. Mesmo
assim, parece existir uma percepcao, por partaldoss, professores e educadores de
modo geral, de que o uso dos computadores e ttetmalogia relacionada favorece o
aprendizado trazendo uma série de vantagens pasatexto educacional (Molenda e
Bichelmeyer, 2005; Can e Cagiltay, 2006; Castro leegy 2007). Por outro lado,
também se observa uma série de insegurancas ca@uoED por parte dos professores.
Nesse sentido, anseios sobre a manutencdo dadaderem sala de aula, baixo
conhecimento sobre o recurso a ser utilizado, edsmimento das formas de avaliacdo
nesse novo ambiente sdo alguns dos argumentosaobsesténcia ao uso por parte de
alguns professores (Can e Cagiltay, 2006). No dertontrario a percepcdo positiva
sobre o uso dos computadores e seus recursoss atgguitados podem ser encontrados
na literatura. Uso excessivo dos computadoresrnieteinfluéncia da classe sécio-
econdmica entre outros ja foram apontadmsio prejudiciais ao aprendizado (Wainer
et al, 2008).

Na mesma perspectiva, pesquisas sdo necessarmaqjyara utilizacdo dos
recursos das tecnologias da informacéo sejam regnigeis na formacdo dos nossos
alunos. Proporcionalmente, poucos estudos podemeseontrados na literatura
nacional e internacional sobre a efetividade dedsasologias. Além disso, sua
determinacdo, ainda é um desafio, e necessita dentemdimento multifacetado e
complexo de relagbes contextuais (Hastings, 20@8)fessores, alunos, instituicdes,
poder publico e sociedade fazem parte dessa iatttncede, que determina o uso e a
efetividade dessas tecnologias. A simples subdituidas préaticas tradicionais por
aquelas que utilizam as tecnologias da informagie dofrer maiores reflexdes. E
plausivel que no momento em que se conhece o impaatefetividade do uso dessas
tecnologias — e se elas sdo positivas — uma séripotiticas e acbes devem ser
realizadas no sentido da sua implementacdo. Conbgl@studos na area ainda néo
foram capazes de montar nenhum cenario determjnemorte muitos resultados ainda
controversos (Amiel, 2006; Dwyeat al, 2007; Dynarskiet al, 2007; Waineret al,
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2008). E uma realidade global o macico investimguai@ a aquisicio desses recursos.
Nos EUA a introducdo e adocdo de tecnologias edut@is no K12 ja vém
acontecendo ha décadas (Trotter, 2007), e nestaangais relatérios governamentais
indicam gastos anuais na ordem de 7,8 bilhdes ldeeddcom tecnologias educacionais
de um modo geral (Ash, 2009).

Dessa forma parece relevante o aprofundamento da relacdo E@loca
Tecnologias da Informacéo, sua analise, e postenoada de decisdo no sentido de se
investir — ou ndo — no seu uso. Paradoxalmeritieervamos o caminho contrario, onde
h& o aporte de muito investimento e a contrapanédaé a qualidade da educacéo.

O conceito de tecnologias da informacdo é muitolamyarios recursos e
aplicacdes podem sautilizadas nos mais variados ambientes. A Tecnaloga
Informacdo pode ser definida como um conjunto digoas atividades e solucdes
providas por recursos de computacio e informdfidateressante mencionar que areas
como financeira, planejamento, imprensa e muitasa®sdo atualmente dependentes
dessas tecnologias. O seu desenvolvimento trangforncomunicacdo pessoal e a
institucional, através de programas de processantentexto, de formacdo de bancos
de dados, de editoragdo eletronica, bem como deoltggas que permitem a
transmissdo de documentos, envio de mensagensu@am,gassim como consultas a
computadores remotos via redes internacionais.rbeessas tecnologias e no contexto
educativo temos os equipamentos, 0s computadmesmuladores, os computadores
portateis, os quadros interativos, teabletse todo o arcabouco l6gico para a interface
mAaquina x usuario que sao os softwares.

Como ja apresentado anteriormente, existe um graddeero de softwares,
desenvolvidos sob varias abordagens, com variasiohg e caracteristicas.

A partir de tamanha diversidade, foi dado foco soiwares como um dos
recursos dentro das tecnologias da informacao,cedmente para o ensino da
Farmacologia.

Farmacologia, Interdisciplinaridade e Software
A Farmacologia é uma ciéncia critica na formacadigsional de médicos, de
enfermeiros, de dentistas, de farmacéuticos, deimnistas, de fisioterapeutas e outros

da area biomédica e, por conseguinte, apresentacimpdireto na sociedade. A
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literatura internacional apresenta varios indicipe apontam uma necessidade de
revisdo das praticas de ensino em FarmacologiégB#harmacological Society and
Physiological Society 2006; Kwan 2002; Faingold d@whaway 2002; Kwan 2004;
Hughes 2003). Existem varios relatos de erros mairastracdo de medicamentos,
como por exemplo, anestésicos (Wheeler and Whe2@095), equivocos na
manipulacdo de medicamentos (Wheeler et al. 208H49s de prescricdo (Castilho,
Paixao, and Perini 1999; Battellino and Bennun )1®9fre outros. Além disso, existe
uma escassez de informacdes relacionadas a ess@aeliteratura brasileira. Contudo,
a realidade nao parece ser diferente das descragesm. Estudo nesse campo foi
mostrado pela Universidade Federal do Parana ogerigua existéncia de falhas no
modelo de ensino dos cursos de farméacia e disggecmlmente a importancia da
adequacao do ensino da Farmacologia as reais itEmkss da profissdo (Rapkiewicz,
Trebien, and Boerngen-Lacerda 2006). Outro dadmitapte pode se observado em
um estudo realizado em 2005, na Escola de Medaan&niversidade de Sao Paulo
mostrando que a maioria dos efeitos adversos apeekes por pacientes hospitalizados
estavam relacionados a prescricdes equivocadasafietis Jacob-Filho, and Figueiras
2005). Nesse contexto, o Documento 2 apresentansldados sobre as préticas de
ensino da Farmacologia nas escolas médicas do eRitamkiro. Professores e alunos
responderam a questionarios contendo perguntag solgrau de motivacdo para o
estudo da disciplina, tipo preferencial das aulaxpdsitivas, casos clinicos,
problematizacéo etc.), bibliografia utilizada, a&ulpraticas, recursos tecnologicos,
dificuldades encontradas entre outros para os alenpara os professores, além de
algumas também feitas aos alunos, tais como, eéggas utilizadas em sala de aula, 0
nivel de dificuldade e o desempenho médio dos aletm Possivelmente, os resultados
mais importantes, e que talvez tenham influencitmto o desfecho dos estudos
subsequentes, foram a baixa motivacdo dos alunastaa disciplina e a falta de
percepcdo quanto a integracdo entre a Farmacatoggasuas disciplinas relacionadas,
assim como a incapacidade de integrar os concd@oBarmacologia com a pratica
clinica.

Os alunos, de modo geral, ndo percebiam a inflaé&ibioquimica, fisiologia e
outras, para o melhor entendimento dos conceitorafalogicos, além de serem

incapazes de associar 0s conhecimentos aprendatnsacpratica clinica — muito
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embora, a maioria dos professores tivesse afirmadcera comum a integracdo destes
conceitos. Possivelmente, as praticas desenvoleitiasala de aula e a incapacidade de
integracdo entre conceitos resultem na acentuasaafi¥acdo, apontada por uma
grande maioria dos alunos (detalhes dos resultgmmeem ser encontrados no
Documento 2 na sec¢ao “resultados”). Dessa fornmaegracéao foi entendida como um
aspecto central em relagdo as perspectivas de gadias praticas de ensino em
Farmacologia. A integracdo vem entdo na forma daseitos da interdisciplinaridade,
tao discutida no cenario educacional brasileid® digcutida na introducéo deste estudo.

Outros pontos de interesse foram o baixo uso darges envolvendo as
tecnologias da informag&o — somente uma universidad estudadas relatou o uso — e
praticamente a auséncia de aulas praticas e oeauaaichais. Sob o ponto de vista das
tecnologias disponiveis, especialmente para o erdanFarmacologia, existem varios
recursos tais como simulacgdes, exercicios, praticagis entre outros. Tais recursos ja
se encontram disponiveis ha algum tempo e sao amapta utilizados no ensino da
Farmacologia. Em 2005, a Coordenacdo de Aperfeigptomde Pessoal de Nivel
Superior (CAPES) junto a Sociedade Brasileira demBaologia e Terapéutica
Experimental (SBFTE) licenciaram o uso de um padeatesoftwares produzidos pela
Sociedade Britanica de Farmacologia, em parcermaa®heffield Bioscience Programs
denominadoPharma-CAL-ogy Esse pacote é formado por 68 programas tutoriais e
simuladores em inglés, que abordam contetudos coetabwlismo e acado das drogas,
neurofarmacologia, sistema cardiovascular, asniemacao dentre outros. A licenca
foi disponibilizada a 41 instituicbes de pesquisasino e agéncias regulatorias no
Brasil. A expectativa era tornar o ensino da Faologga mais dindmico aos cursos de
pos-graduacdo em Farmacologia, bem como os deagadiem Medicina, Farmacia,
Odontologia, Enfermagem, Nutricdo, Fisioterapiapwros da area biomédica em
diferentes regides do Brasil. Ndo conseguimos aobfermacdes concretas sobre o uso
desses recursos, em varios centros contemplados tioenca.

Da mesma forma, o uso dos muitos recursos ja digpisnpara o ensino da
Farmacologia, poderia servir como alternativa aatiggs com animais, pouco
exploradas nas escolas médicas participantes eststdo. Modelos animais sdo muito
importantes para a Farmacologia experimental. Néetesn, atualmente, modelos

alternativos — sem uso de animais — que possantitsubss tradicionais, de modo tao
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confiavel. E fato que resultados em Farmacologipeemental, obtidos a partir de
modelos animais, ndo podem ser estritamente eXadgopara 0 homem, contudo, um
maior grau de inseguranca € atribuido quando estelelos ndo sao utilizados. Nesse
sentido, praticas com animais de laboratorio sapoitantes na formacdo em
Farmacologia, contudo, vém sofrendo muitas pressi@esociedade e da prépria
comunidade cientifica para que sejam mais raciomdismanas. Com base nisso, as
tecnologias da informacé&o podem ser entdo umanattea razoavel ao uso de animais
de laboratorio. A substituicdo por completo do dgsoanimais, mesmo no ambiente
académico, por enquanto, nao é possivel, considiei@timitacao tecnoldgica existente
— softwares simuladores e outras ferramentas —co@scerteza, € util no sentido da
racionalizacdo do uso de animais (Dewhurst, 20@wHirst e Kojic, 2011).

A literatura internacional aponta varios problenesas relacdo a prescricdo de
medicamentos, efeitos adversos, entre outros gdenpaer resultado de problemas na
formagé&o farmacologica. O Documento 2 ndo busctudasos impactos do ensino da
Farmacologia nas praticas médicas, buscou apesaseder as praticas no ensino da
Farmacologia nas escolas médicas do Rio de Jameniudo, € possivel projetar, a
partir dos resultados encontraddsis problemas sdo igualmente possiveis. No
momento que a integracdo entre a Farmacologiag@si clinica ndo é claramente
percebida pelos alunos poderiamos esperar 0os mesesoftados apontados na
literatura a nossa realidade. Embora relevante tggsele estudo € escasso no cenario
brasileiro. Existe uma clara percepcédo, oriundacgalmente da grande imprensa,
sobre problemas nas praticas médicas, e muitos,deferolvendo a formacdo em
Farmacologia. O problema apresenta maior compldgidgue ultrapassa os limites do
ensino em Farmacologia, envolvendo todo o ensindigog incluindo, além da
medicina, a enfermagem, a farmécia entre outrodigeo de nota que a formacio
técnica (nivel médio), como por exemplo, os curdesformacdo de técnicos em
enfermagem, possuem grande complexidade. Dessaa fgentorna importante o
fomento de mais estudos sistematicos sobre os toypda formacéo dos profissionais
de saude em geral sobre as praticas médicas edaibe.

Em observancia a essas informacoes, a interdisarpliade, considerada como
objetivo principal para a constru¢cdo de um ensiad~=drmacologia mais efetivee

tornou o foco para o desenvolvimento do softwanémAdisso, buscamos conhecer
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mais sobre a percepcdo dos professores e a apliedgliva de um curriculo mais
integrado.

E evidente que as disciplinas de toda ordem ajudas®m avanco do
conhecimento e sao insubstituiveis (Morin, 200@)ntGdo, esse paradigma ja ndo é
mais observado na producio do conhecimento. Esprémi uma visdo capaz de situar o
conjunto. E necessario dizer que nio é a quantidedeformacdes, nem a sofisticagéo
em Matematica, que podem dar sozinhas um conhemnmertinente, mas sim a
capacidade de colocar o conhecimento em um contegie amplo (Morin, 2000).
Entretanto, parece que o paradigma disciplinaraaéndigente no sistema educacional, e
mesmo com a consciéncia das necessidades de mudalbgarvamos grandes
dificuldades na elaboracdo do pensamento e da gkeale praticas interdisciplinares
no cotidiano da educacéo escolar. Sabemos ainéamnqmento em que se percebe a
necessidade de mdultiplas competéncias no mundoci@asias e da producdo de
conhecimento surge entdo a condi¢cédo paradoxal emredelo educacional disciplinar,
e, do outro lado, os profissionais que sao exigamlés das fronteiras disciplinares.
Vale lembrar, que aprender a pensar criticamengdisar e sintetizar informacdes para
solucionar problemas nos mais variados contextabalthar efetivamente em equipe
sdo habilidades imprescindiveis na atualidade. PoeXistem poucas evidéncias da
adequacao dos sistemas educacionais vigentesseesido (Harper et al., 2000).

Além disso, foi possivel perceber que mesmo corudsdes antigas — década
de 1970 no Brasil — a interdisciplinaridade néao farte da formacdo dos nossos
professores, ndo é conhecida pela maioria, e nmeinda, ndo é utilizada. Num ponto
seguinte podemos dizer que a capacidade de integnérecimentos em sala de aula
ainda nao faz parte das habilidades da maiorianssos professores nos varios
segmentos da educacdo. Em virtude disso, encorgralanos com grande dificuldade
de entender o seu curriculo de uma forma integiadaportante destacar que ndo ha a
percepc¢ao por parte dos alunos, de que os contegdetacionam e fazem parte de um
todo. Por outro lado, muitas das metodologias atdea ensino, ja implementadas em
alguns paises incluindo o Brasil, se apéiam emgasatntegradas.

Assim, diante dessas afirmativas, surgiu 0 modelestudo: a importancia das
praticas integradas amplamente discutidas e dgl difiplementacédo, e do outro lado, a
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Farmacologia, importante ciéncia do curriculo dasas biol6gicas e da saude,
essencialmente interdisciplinar.

A partir da revisédo da literatura podemos perceperndo ha uma preocupacao
primaria com o desenvolvimento de softwares baseauio filosofias e estratégias
pedagogicas. Muitas vezes os softwares educacjopaigluzidos com objetivos
puramente comerciais, ndo apresentam referenei@isds, nem tampouco sao testados
quanto a sua efetividade para o ensino e apreratizagob esse ponto de vista, e com
dados que apontavam a baixa qualidade no ensirfeadaacologia foi percebida a
necessidade da elaboragéo de um recurso, que pusdFssapaz de auxiliar no ensino e
melhorar a aprendizagem desta ciéncia. A expedéteique a Farmacologia é uma
ciéncia interdisciplinar em sua esséncia, fez com epta passasse a ser o foco para o

desenvolvimento do software.

Efetividade do uso do Software

Da mesma forma que o uso das tecnologias da inf@wonaa educacao ainda
apresenta resultados contraditérios, especificaaneniso de softwares e seus impactos
também merecem maior aprofundamento.

A escolha sobre o software educacional ndo develeterminada por razdes
politicas ou econémicas e sim, essencialmente ageaé Por outro lado, uma série de
insegurancas e pouco conhecimento especifico W#mua implementacédo e o uso de
tais recursos. A simples presenca da nova tecraofoga do sistema educacional nédo
justifica a introducdo prematura do produto no @mt@ académico, antes do
desenvolvimento de conceitos e de estratégiasichddadequadas. Infelizmente, falta
ao professor informacdo para a tomada de deciséoe so uso de softwares
educacionais. Apesar disso, existem alguns créépie poderiam ser considerados para
a escolha do recurso. Os softwares deveriam possuicepcdes soOcio-psico-
pedagdgicas claras e definidas, além de ser tensaiga bem elaborado. E interessante
mencionar que uso das tecnologias da informaca®si@ocentralizado no computador
como objeto de estudo, mas sim como estes podevir para a construcdo dos
conhecimentos (Valenteet al, 2001). Dessa forma, para atender aos objetivos
educacionais previamente estabelecidos e, visandoaaefetividade pedagdgica, €

necessario que seu desenvolvimento conte com uriea d& particularidades. Além
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disso, como qualquer software, "os educacionaissyem pontos fortes e limitagoes.
Em virtude disso, € importante reconhecer quandosaftware € adequado para 0s
objetivos curriculares pretendidos, podendo integea dessa forma ao contexto
educacional. E nesse sentido que a utilizacdo dogputadores, especialmente os
softwares educativos, se contextualiza somente dguado concebidos como uma
ferramenta de auxilio as atividades didatico-pedmg8, como instrumento de
planejamento e de realizacao de projetos integrddoseira e Brandao, 2003).

Outro ponto de relevancia esta relacionado conserd®lvimento de softwares
educacionais por possuirem caracteristicas pat&syl que diferem essencialmente
daqueles estritamente para fins comerciais. Nemstds, € crucial que a equipe de
desenvolvimento seja no minimo multidisciplinar,qee os aspectos pedagogicos
ocupem os objetivos primarios do desenvolvimentovi@mente, quando se trata do
desenvolvimento de aplicativos, uma mesma equipkidisgiplinar se faz essencial,
contudo, as pressfes do mercado incidem com mesw peste segundo segmento de
softwares. O software aqui apresentado (inclust® éso livre; contudo, seguimos para
0 seu desenvolvimento, rigoroso planejamento es@egi durante todo o processo. Da
forma semelhante, muitas pessoas, de diferentes @&e/isdes, participaram da sua
concepcao e contribuiram de modo relevante ao ldegua construcao.

Durante o processo de desenvolvimento, médulogrdgrama foram testados
em experimentos-piloto, especialmente com o propd$e perceber a resposta dos
alunos quanto ao uso desta ferramenta. De modé gereesultados dos testes-piloto
foram positivos e possibilitaram o constante ajuskerante o processo de
desenvolvimento (dados néo apresentados).

Cabe ressaltar que os processos de avaliacadtderss sdo motivo de muita
discussdo na literatura especifica. E possivel meprhuma metodologia até hoje
proposta esteja livre de erros e produza resultades de equivocos (Squires e Preece,
1999; Hinostroza e Mellar, 2001; Campos, 2005; Bskieet al, 2007). Optamos por
duas metodologiasaquelas onde as notas dos alunos serviram comanmedala do
aprendizado, e outra, avaliando o mesmo aluno,tquess aspectos motivacionais e a
sua percepcao sobre o aprendizado a partir doausoftivare.

Os alunos que utilizaram o software apresentaramhmaree significativa nas

notas dos testes, quando comparados aos alunosigueutilizaram ao longo do curso.
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Além disso, levaram menos tempo na execucdo ddésstelesmo os alunos que
participaram somente das aulas expositivas, setifizagéo do software, apresentaram
melhora nas notas; contudo, aqueles que utilizarawoftware ainda se diferenciaram.
Essa diferenca se deve, principalmente, a um nmaiorero de elementos utilizados
pelo software, que ndo sdo, muitas vezes facessréen utilizados em aulas expositivas
tradicionais. A possibilidade de utilizacdo da nmuitia, a partir de softwares
educacionais parece contribuir de modo significathna facilitacdo do aprendizado
(Harp e Mayer, 1998; Mayer e Moreno, 1998). Um méeesstudo sobre o ensino de
ciéncias demonstrou resultados positivos na apragedin quando animacgdes e videos
eram utilizados, comparando com alunos que tivasamesmo conteldo apresentado
na forma tradicional — aulas expositivas, e usdntiggens (estaticas) (Baradk al,
2011). Sabemos ainda que outros autores tambénmmanmawstque o uso de recursos de
software, tais como, animagdes e simulacdes reswdta melhora na aprendizagem,
particularmente em ciéncias (Mccleahal, 2005; Wanget al, 2011). O uso de tais
recursos pode melhorar a compreensdo de conceitadonados a varias areas da
biologia. Um padrédo semelhante pdde ser observadoredacdo ao ensino da
Farmacologia em estudos com o ensino da biolodidlacee molecular, utilizando
animacodes e outros recursos mostraram melhordisgiva na aprendizagem (Stith,
2004; O'day, 2006). Alguns dos recursos utilizadesse software ja foram objetos de
estudo e demonstraram aplicacdes positivas no®ss0s de ensino e aprendizagem.
Acreditamos que esses recursos contribuam paranaogéo e melhoria da capacidade
de se estabelecer as representacdes mentais dataenmuitas vezes abstratos e de
dificil assimilagcdo (Michael, 2001; Holzinger, 2008Desse modo, animacdes,
esquemas interativos e simulacées podem ser ampiameploradas através do uso de
softwares, como no caso deste, desenvolvido paongipo. O uso das multimidias,
através das representacfes mudltiplas, possibiliex@oracdo de varios estilos de
aprendizagem como a auditiva, a visual e a sineat@araket al, 2011).

Nessa perspectiva, € possivel a utilizacdo de vammursos pedagogicos
diferentes nas aulas expositivas; entretanto, #@ameds que as tecnologias da
informacg&o tenham um papel facilitador neste psmeAssim, ndo € necessariamente o
uso pelo uso da informatica que resultard em bsosfina aprendizagem, e sim a

utilizacdo de estratégias pedagodgicas — que podesier utilizadas em qualquer
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situacdo — mas que sdo mais facilmente implementaden 0 uso dos softwares
educativos.

Ainda em relacdo as andlises quantitativas (notaseppos-teste) houve a
classificacdo das questdes do teste. Os testes fdreididos em trés blocos de
questdes, resultante da classificacdo de acordaesamiveis cognitivos de Anderson &
Krathwohl (2001). O primeiro grupo chamado de dgiestdo tipo 1 consistiu de
questdes onde os alunos deveriam lembrar de d&dmigu significados dos conceitos
farmacoldgicos apresentados ao longo do cursoanigute presentes no software. As
guestdes do tipo 2, denominadas como questbesteledenento, onde os estudantes
deveriam apresentar o0 entendimento dos conceitoslefnicbes envolvendo
Farmacologia e, finalmente, as questbes do tiparBbém chamadas de questdes de
aplicacdo. Nesse ultimo grupo, os estudantes deneresolver problemas utilizando o
entendimento dos conceitos previamente discutido$oago do curso e igualmente
presentes no software.

As diferencas encontradas em relacdo a performdosealunos para as trés
classes de questbes utilizadas sdo de analise exampossivelmentas questdes do
tipo 1 dependam mais do tempo de contato com asetton, e da repeticdo das tarefas
do que da forma, dos elementos ou da filosofia gggiaa utilizada. Além disso, a
motivacdo dos alunos poderia contribuir para atigi® por exemplo, do “QUIZ"
presente em nosso software. Acreditamos que abilaksile de resolver exercicios,
muitos deles com as caracteristicas das questoggodd, facilitaria 0 armazenamento
das informac¢des envolvendo os conceitos farmaamégiiscutidos. Por outro lado, ha
certo consenso que, por exemplo, o uso da prodlEagab e em grau de maior
complexidade, atividades em PBL prbblem-based-learning> poderiam ser Uteis nas
varias formas de aprendizagem e de aplicacdes diokecimentos (Azer, 2008).
Entretanto, atividades baseadas em problemas mam fdiretamente abordadas em
nosso software. Mesmo assim, tais praticas podesamealizadas em um contexto de
PBL.

Da mesma forma que os resultados obtidos atraveshoas dos alunos, a
analise qualitativa (escala téert) também mostrou aspectos positivos quanto ao uso
do software. Comparando com a literatura, os na$adgs ndo apresentaram diferencas

quanto a percepc¢ao de vantagens sobre o uso datoggas da informacéo. Os dados
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objetivos (analise da performance pelas notasji@léapercepgdo positiva dos alunos
podem contribuir para a melhoria da motivacéo, expeectativa com a disciplina.
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6. CONSIDERACOES FINAIS

Pesquisas na area de educacdo em ciéncias ndo dewelifierentes de outras
areas da ciéncia, que sdo baseadas em evidén@asa Borma, esta tese buscou
fornecer dados adicionais sobre o desenvolvimetag de um software educacional

para o ensino da Farmacologia. De forma mais ohjeti

» Existem vérias experiéncias com o0 uso das tecradadm informacdo no ambiente
educacional brasileiro, e em todos 0s segment@nsino, e a grande maioria delas

sao essencialmente quantitativas;

* O uso das tecnologias da informacao no cenarioaetiutal brasileiro ainda deve
ser melhor estudado. Mais importante do que teeosrsos é saber se realmente
promoverdao uma melhoria tanto para o ensino, quaar® a aprendizagem. Quando

sao utilizados, pouco ou nenhum fundamento pedeg@&jconsiderado;

» O Brasil deveria investir mais em pesquisa e dedeinvento destas tecnologias;

» [Existe a percepcao por parte dos professores degjpeaticas integradas trazem
beneficios para a aprendizagem, mesmo que a sdgiiaridade ainda ndo faca
parte da formagdo dos nossos docerdggsossivelmente por isso que ainda esteja

longe de ser uma realidade em sala de aula

* O ensino da Farmacologia precisa sofrer alterag@®so por exemplo, levar para a
sala de aula um conteudo contextualizado. Acredisaque o uso das tecnologias

da informacg&o possa contribuir nesta pratica;

* O uso do software trouxe beneficios praticos paaprendizado da Farmacologia,
quando as notas foram utilizadas como medida dengenho. Além disso, foi
observada também uma percepcao positiva em relg&antagens do uso de tal
tecnologia. Nesse caso, o software devera sexaddi como auxiliar no ensino da
Farmacologia, ndo sendo capaz — nao era o objdbvestudo — de substituir

professores, nem tampouco literatura especifica.
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