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Abstract—This work is related to the Project “Encouraging
Girls in Science, Engineering and Information Technology”
that is underway at the University of Caxias do Sul. This
project aims to involve elementary and high school teachers
and students in discussions related to formal education, which
can enable them to experience teaching activities and processes
that explore the experimentation, and to disseminated in the
society the knowledge and technological applications used by
the Sciences and Engineering. Based on the planning of a
teacher training course for the project's five co-running
schools, hands-on workshops, a Science and Astronomy Club,
Science and Technology Fairs, Mathematical Olympics, Chats
with Scientists and Engineers, and Science at the Movie
Theater are being carried out. The results already obtained
show that, the way the activities are being promoted, it is
possible to contribute to the scientific and technological
development and innovation of the country by encouraging the
participation and training of girls and women for careers in
the Exact Sciences, Engineering and Information Technology;
contribute to the insertion of more and better female
elementary and high school students in the scientific and
technological fields, as well as to reduce the impact of gender
inequalities on the career choices of elementary and high
school students.

Keywords—gender, girls in STEM, elementary school, high
school, integration university-school-community.

I.  INTRODUCTION

Over the past few decades, the small number of female
Engineering and Exact Sciences students, as well as
scientists and engineers working in the western world has
been the subject of debate among researchers concerned with
gender issues and the importance of female participation in
Science, Technology, Engineering and Mathematics (STEM)
[1-13].

In Brazil, the process of insertion of women in scientific
and technological careers occurred in the same proportions
as in other countries of the world, however, during much of
the twentieth century there was still a great prejudice related
to women's aptitude or even to their intellectual abilities to
pursue these careers [10].

In this context, incentive programs and valorization of
female participation in STEM are presented as a solution
through which this scenario may have possibilities to be
reversed. In late 2018, the National Council for Research
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and Development (CNPq) launched a public call aimed at
supporting projects intended for stimulating the education of
women for careers in Exact Sciences, Engineering and
Information Technology in Brazil, arousing the vocational
interest of female students from basic education (elementary
school from the 6th to 8th grade and high school) for
scientific and technological research. This public call also
aimed to combat the dropout in higher education of female
students of undergraduate courses in these areas, which
occurs mainly in the early years, as well as to bring public
schools closer to institutions of higher education. More than
700 proposals were submitted, of which 70 were approved.

This paper reports, therefore, the preponderant actions of
one of these projects approved in the referred public call of
CNPq, and that is underway at the University of Caxias do
Sul, a community institution of higher education located in
the southern region of Brazil. This project, called
Encouraging Girls in Science, Engineering and Information
Technology is developed in partnership with five public
elementary and high schools in the region of the university
and is coordinated by a team of instructors that has been
promoting for over ten years, various activities to encourage
girls in the field of Exact Sciences and Engineering.

The central actions of the project were equally proposed
to the five co-executing public schools, with the following
objectives: to develop STEM activities; implement a
continuing education course for teachers; create a Science
and Astronomy club; run hands-on workshops; promote
scientific and technological fairs; organize a mathematical
Olympics; create an activity of Science at the movie theater;
and promote chats with scientists and engineers.

These actions were proposed with the intention of
valuing the school as a strategic and important space for the
promotion of good pedagogical practices, to approximate the
public elementary and high schools and the university, to
encourage students from these schools to careers in Exact
Sciences, Engineering and Information Technology and to
combat the dropout, which occurs mainly in the early years,
of academics of these courses, creating opportunities for
them to act as scholarship holders for research and extension
projects.

The methodology of planning and carrying out the
project actions involves the joint action of the participants of
the university and the co-executing schools. This team,
which comprises 13 faculty and five undergraduate students
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from the university, along with five teachers and 15
undergraduate students from the co-executing schools, is
responsible for designing and applying the activities to an
estimated population of approximately 1,000 students from
the co-executing schools.

In order to achieve the proposed objectives of this project
and to overcome teaching practices based on “chalk and
teacher speech”, the project activities are conceived
considering active learning strategies and methods [14-21].
The activities aim to establish connections between the basic
knowledge of the Exact and Natural Sciences and the
elementary and middle level Mathematics and the practical
applications to solve real problems of students' daily lives,
including environmental issues, within the scope of the
Exact, Engineering and Technologies.

Current teaching and learning strategies and methods
consider that students, to accomplish a task, engage in a
continuous process of complex thoughts of three types:
scientific, critical, and creative [22]. To this end, learning
activities, such as those proposed in this project, in the
format of challenges, problematizations and competitions,
can make knowledge accessible as it promotes the
development of the autonomy of those involved in the
process.

In the same way, the different learning environments,
workshops, science at the movie theater, chats, mathematical
Olympics and those of science clubs, are collectively
elaborated, seeking to promote the knowledge building and
to promote interdisciplinary posture and practice, based on
the study and understanding of phenomena in focus and the
basic concepts of the different sciences involved and how
they collaborate and are integrated in the search for solutions
to problems of interest. An interdisciplinary attitude imposes
the need for the team to integrate objectives, activities,
procedures and attitudes in planning generated by
interdisciplinary exchange and dialogue [23].

The proposal of this project assumes that the
representations and contextualization of themes in the Exact
Sciences and Mathematics areas consider, among other
aspects: the relationship between individual and object; the
student's role as an active individual, the act of
understanding, inventing, rebuilding; and the relationship of
the areas with aspects present in the student's social, personal
and cultural life. With this, the emphasis can be given to
contents that evidence practical applications, related to
problematizing situations that encourage students to think, to
conjecture and plan the search for solutions and, thus,
developing their intellectual autonomy.

Given these considerations, the following sections
describe each of the proposed activities and preliminary
results are presented. Section II is dedicated to the
Continuing Education Course for Teachers in Science and
Mathematics Teaching, presenting the planning and actions
already taken. Section III presents the proposal for the
creation of the Science and Astronomy Club and its
activities. Section IV presents the hands-on workshops, from
their planning to the results already obtained based on the
ones already applied. The Scientific and Technological fairs,
already held, are described in section V, followed by section
VI, which presents the Mathematical Olympiads, in
execution. The last two planned and under development
events are presented in sections VII and VIII, respectively
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for Chats with Scientists and Engineers and the Science at
the movie theater.

II. CONTINUING EDUCATION COURSE FOR
TEACHERS IN SCIENCE AND MATHEMATICS
TEACHING

The Continuing Education Course for Teachers in
Science and Mathematics Teaching was proposed as the
space where all activities and events of this project are
presented, discussed and planned to be developed in each of
the co-executing schools, in order to involve the participating
teachers, as main characters involved in the continuity of the
actions being promoted in the project. In addition to the
continuity of the actions promoted, along with girls and other
teachers and school managers, these teachers are being
multipliers of ideas and innovative individuals in proposing
new actions.

Course development takes place in parallel with the
activities presented in the following sections. In the course
meetings, the discussions about theoretical aspects are
expanded considering scientific, technological, pedagogical
and other knowledge related to the competences and skills to
be developed by the participating students.

Following the project schedule, for each new situation,
together with the undergraduate scholarship holder students,
the teachers interact with the project instructors, who
designed the workshops and other activities so that they can
know, reflect and discuss the fundamentals. and inherent
methodologies. Secondly, the workshops and activities are
held together with the students, who are the scholarship
holders, from the elementary and high schools.

From each experience in which the learning of scientific
and pedagogical concepts is promoted, the teachers have the
task of adapting the plans, adjusting them to the reality of
their schools. With this, and with the help of the fellowship
holder girls, and whenever necessary with the undergraduate
students, the teachers apply the same workshops and other
activities in the co-executing schools, multiplying the
number of participating girls, and then have the opportunity
to minister the same. learning situations that they
experienced at the university.

With such considerations, the next section describes the
planning and development of the Science and Astronomy
Club.

III. SCIENCE AND ASTRONOMY CLUB

The Science and Astronomy Club was designed to be
created and managed at each co-executing school by the
responsible teacher and fellow students of the project under
the guidance of the coordinating team from the university.
The Science and Astronomy Club aims to provide a space in
the school where students can reflect, discuss and engage in
issues related to science, technology, society and the
environment, as scientific issues are not isolated from the
socia,] political, environmental and economic context. The
activities carried out at the Science and Astronomy Club take
place during overtime and focus on studying, solving
complex problems, developing projects and debates on topics
involving science and technology. In this context, the club is
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the place where the “members” expose their ideas, their
curiosities and seek to build knowledge, collaboratively, and
using the scientific methodology. The activities promoted at
the club have the potential to broaden the students’ horizons
regarding the world outside the school and the numerous
possibilities of acting as citizens and professionals.
Therefore, students have opportunities to know what is
beyond the school environment, acquiring a more global
human formation, not only based on pragmatic or technical
experiences.

IV. HANDS-ON WORKSHOPS

The activities developed in the workshops are first
presented in the Continuing Education Course, in 1 or 2
meetings. In the project, six workshops were proposed:
Astronomy; Preparation of alcoholic tincture from fresh
plants; Solid waste; Smartphone resources; Digital media
information systems; and Computational thinking and
Robotics. Each of them is prepared by university instructors
who, at the first meeting(s), present their planning to the
teachers and undergraduate scholarship holders, in the form
of studies of theoretical foundation of the contents involved,
promoting discussions about the methodological proposal for
its application. The following meeting is then intended for
the application of the respective workshop, still at the
university, for teachers, scholarship holders from university
and from elementary and high schools, who, in addition to
experiencing the activities, have the opportunity to deepen
knowledge and discuss questions that have about content,
and methodological or evaluation aspects. From this
preparatory meeting, the workshops are adapted by the co-
executing schools’ teachers, based on new planning, to their
respective realities and then applied to other students, with
the accompaniment of the scholarship students and the
support of the undergraduate scholarship holders, constituted
as actions of science clubs from then on.

In addition to the workshops, other activities, by the
initiative of each school, are part of the Science and
Astronomy Clubs, but all are committed to promoting
research in their clubs, developing projects for a local
science fair and participating in a regional scientific fair
organized annually by the University of Caxias do Sul.

V. THE SCIENTIFIC AND TECHNOLOGICAL
FAIR

The scientific and technological fair, organized in each
co-executing school, is an activity in which the students of
the co-executing schools present research projects developed
during the year. The fair has among its main objectives [24]:

e arousc and/or develop a taste for research and
experimentation;

e  develop students’ creativity and critical thinking;

e  develop students’ social habits and attitudes and a
sense of responsibility;

e develop students’ specific skills, interests and

competences;

e  integrate the community with the school

978-1-7281-0930-5/20/$31.00 ©2020 IEEE

To achieve these goals, students develop activities in the
form of projects, always guided by teachers who are
participating in the Continuing Education Course, in which
one of the subjects is Research Methodology.

The Scientific and Technological Fair is an activity
organized and coordinated by the scholarship holder teacher
of each co-executing school and assisted by the students of
the Science and Astronomy Club.

VI MATHEMATICAL OLYMPICS

The Mathematics Olympiad (OlimMat) was proposed as
a cultural and recreational action, offered to all students
from 6th to 9th grade of elementary school and to high
school students from co-executing schools. Students
participation is voluntary and OlimMat aims to:

e stimulate and promote the study of Mathematics in
the participating schools;

e contribute to improving the quality of basic
education in these schools;

e promote the diffusion of mathematical culture;

e identify young talents and enthuse them to pursue
careers in science and technology at the higher
education level;

e encourage the improvement of the teachers of the
co-executing schools of the project, contributing to
their professional appreciation;

e contribute to the integration of the schools involved,
among themselves and with the university;

e encourage students to participate in the Brazilian
Public Schools Mathematics Olympiad (OBMEP)
(OBMERP - http://www.obmep.org.br/)

Thus, inspired by OBMEP, OlimMat was carried out in
two phases, preceded by approximately twelve weeks of
student preparation by the undergraduate scholarship
holders, who produced support material, with the
supervision of the instructors responsible, making it
available in the virtual environment of the project. For this
preparation, a planning was carried out at the university,
with elaboration and discussion of questions, around the
following selected themes: mathematical patterns, logic,
diagrams, mathematical operations, equations, inequalities,
flat geometry, analytical geometry, fraction operations,
basic statistics, mathematical expressions and percentage.

This material was then used at the co-executing schools,
where weekly meetings aiming to prepare the students for
"pre-Olympics" were held. Students were followed during
the resolution of questions, in stages: in the first stage,
discussions were held on one of the above themes; in the
second stage, they were then given questions to solve, and at
the third stage of each meeting, the answers to the questions
were provided and the winners were awarded symbolic
prizes.

As a culmination of the studies, an Olympiad was held at
each co-executing school and, according to the performance
results, a selection of students was made to participate in an
Olympics at the university in the form of a competition
between the co-executing schools.
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VII. CHATS WITH SCIENTISTS AND ENGINEERS

Chats with scientists and engineers are scheduled to take
place at the university. Schools are invited and are in charge
of transporting their students, as many as they are interested
in participating, to meet women who talk about their lives,
education path and practices as scientists and engineers,
which are part of their struggles, discoveries and creations in
Science. Then, in each school and from the chats, activities
are derived, usually suggested by the participating students.

Giving teachers and students the opportunity to integrate
in a varied, systemic, interdisciplinary and contextualized
way with scientists and engineers helps to improve the
quality of teaching and learning in educational institutions,
providing greater involvement of students in the process of
their education and career choices, and in reducing evasion.

VIIL SCIENCE AT THE MOVIE THEATER

The activity “Science at the Movie Theater” was
designed to be used as a strategy in the teaching and learning
processes, with the conviction that to educate through movies
or to use movies in the school process is to teach to see
differently. It is educating the way we look at things, at
events, at conflicts. As in all areas of knowledge, movies can
address subjects of Physics, Mathematics, Chemistry,
Biology, Engineering and Science in general. The
importance of showing movies that address these areas is
also due to the fact that the world is increasingly dominated
by technology, so that fiction and reality get confused and,
therefore, debate about advances and consequences, in a
critical reflection with students, becomes an activity with
potential for knowledge building. The selected movies, in
addition to having their themes centered on STEM or
important social aspects, feature important female characters
that can serve as a model and inspiration for the girls
participating in the project.

IX. PARTIAL CONCLUSIONS

The project is under development, with activities planned
until June 2020. From what can be said, up to now, regarding
the activities already carried out:

. five Hands-on Workshops were held at each of the
co-executing schools, involving approximately 500 girls;

e the Science and Astronomy Club, already existing
in some of the schools, was created in the others, creating
a scientific and technological fair in each of the schools.

° at the University of Caxias do Sul was held a
regional scientific and technological fair which was
attended, among other schools, by all schools co-
executing of this project;

e As an activity of the Continuing Education Course,
following the completion of the regional scientific and
technological fair, all projects presented by teams from
the co-executing schools were the object of analysis of
the evaluations received, with a view to improving them
for the next edition;

. a chat with an astronomer was promoted and it was
attended by approximately 100 students;
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e As an activity of the Science at the movie theater,
the movie “Agora” was presented and later discussed.
This movie tells the story of Hypatia, philosopher and
teacher in Alexandria, Egypt, between 355 AD and 415
AD (https://www.imdb.com/title/tt1 186830/). The only
female character in the movie, Hypatia teaches
Philosophy, Mathematics and Astronomy at the
Alexandria School, next to the Library. She devoted her
life exclusively to studies and her main concern, in the
movie's point of view, is with the movement of the earth
around the sun;

° OlimMat is scheduled, as reported in its section,
with prizes for winners this time, including boys. The
first three places for girls and boys will be awarded, as
well as their teachers and schools.

The results have been promising and have motivated us
to continue, believing that the activities being promoted can
contribute to the formation of more and better female
engineers or scientists in the STEM areas, through the
development of skills, in an articulated way with the
construction of knowledge, the development of skills and the
formation of attitudes and values.

REFERENCES

[1] RASMUSSEN, B.; HAPNES, T. Excluding women from the
technologies of the future? A case of the culture of computer science,
Futures, v. 10, p. 1107-1119, 1991.

[2] BYRNE, E. Women and Science: The Snark Syndrome. London,
England: The Falmer Press, 1993.

[3] ANDERSON, V. How engineering education shortchanges women, J.
Women and Minorities in Science and Engineering, v. 2, p. 99-12,
1994.

[4] EUROPEAN COMMISSION, (1999), “Women and Science,
Proceedings of the Conference, Brussels, Luxembourg: OPOCE,
1998. 217 p. il..

[5] NATIONAL SCIENCE FOUNDATION. Women, Minorities and
Persons with Disabilities in Science and Engineering. Arlington, VA:
NSF, p. 99-338, 1998.

[6] BLICKENSTAFF, J. C. (2005). Women and science careers: leaky
pipeline or gender filter?. Gender and education, 17(4), 369-386.

[71 ECCLES, J. S. (2007). Where are all the women? Gender differences
in participation in physical science and engineering. In S. J. Ceci &
W. M. Williams (Eds.), Why aren’t more women in science? Top
researchers debate the Evidence (pp. 199-210). Washington, DC:
American Psychological Association.

[8] Du, X., & Kolmos, A. (2009). Increasing the diversity of engineering
education—a gender analysis in a PBL context. European Journal of
Engineering Education, 34(5), 425-437

[9] BETZ D. E., & SEKAQUAPTEWA, D. (2012). My fair physicist?
Feminine math and science role models demotivate young girls.
Social Psychological and Personality Science, 3(6), 738-746.

[10] TESSARI, L. D.; VILLAS-BOAS, V. A Participagdo Feminina nos
Cursos de Engenharia da UCS: A Historia e o Papel das Atividades de
Divulgagdo Cientifica. In: XLI Congresso Brasileiro de Educagdo em
Engenharia, 2013, Gramado, RS. Anais do XLI Congresso Brasileiro
de Educagdo em Engenharia - EDUCACAO EM ENGENHARIA NA
ERA DO CONHECIMENTO. Brasilia: Editora ABENGE, 2013.

DASGUPTA, N., & STOUt, J. G. (2014). Girls and Women in
Science, Technology, Engineering, and Mathematics STEMing the
Tide and Broadening Participation in STEM Careers. Policy Insights
from the Behavioral and Brain Sciences, 1(1), 21-29.

Gonzalez-Gonzalez, C. S., Garcia-Holgado, A., de los Angeles
Martinez-Estévez, M., Gil, M., Martin-Fernandez, A., Marcos, A., ...
& Gershon, T. S. (2018, April). Gender and engineering: Developing
actions to encourage women in tech. In 2018 I[EEE Global
Engineering Education Conference (EDUCON) (pp. 2082-2087).
IEEE.

[11

[12

27-30 April, 2020, Porto, Portugal

2020 IEEE Global Engineering Education Conference (EDUCON)
Page 31

Authorized licensed use limited to: Western Sydney University. Downloaded on July 26,2020 at 02:32:08 UTC from IEEE Xplore. Restrictions apply.



[13]

[14]

[15]

[16]

[17]

(18]

[19]

Strachan, R., Peixoto, A., Emembolu, 1., & Restivo, M. T. (2018,
April). Women in engineering: Addressing the gender gap, exploring
trust and our unconscious bias. In 20/8 IEEE Global Engineering
Education Conference (EDUCON) (pp. 2088-2093). IEEE
BONWELL, C.; EISON, J. Active learning: Creating excitement in
the classroom (ASHE-ERIC Higher Education Report, n. 1).
Washington, DC: George Washington University, 1991.

PRINCE, M. Does Active Learning Work? A Review of the Research
Journal of Engineering Education, 93(3), 223-231, 2004.

SAVIN-BADEN, M.; HOWELL-MAJOR, C. (2004). Foundations of

Problem-based  Learning. =~ McGraw-Hill ~ Education,  New
York.SAVIN-BADEN & MAJOR, 2004;
GRAAFF, E. de; KOLMOS, A. Management of Change

Implementation of Problem-Based and Project-Based Learning in
Engineering, Netherlands: Sense Publishers, (2007).

FELDER, R. M.; BRENT, R. Active Learning: An Introduction. ASQ
Higher Education Brief, 2(4), Aug. 2009. Available at:
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/Papers/ALpa
per%28ASQ%29.pdf.

VILLAS-BOAS, V. (Org.); GIOVANNINI, O. (Org.). Attracting
Young People to Engineering. 1. ed. Brasilia: Editora ABENGE,
2014.v. 1.368p.

978-1-7281-0930-5/20/$31.00 ©2020 IEEE
2020 IEEE Global Engineering Education Conference (EDUCON)
Page 32

[20]

(21]

[22]

[23

[24]

VILLAS-BOAS, V. (Org.); MARTINS, J. A. (Org.); GIOVANNINI,
O. (Org.); SAUER, L. Z. (Org.); BOOTH, 1. A. S. (Org.).
Aprendizagem Baseada em Problemas: estudantes de ensino médio
atuando em contextos de Ciéncia e Tecnologia. 1. ed. Brasilia:
Editora ABENGE, 2016. v. 1. 152p.

G. Elmor-Filho, L. Z. Sauer, N. N. Almeida, and V. Villas-Boas,
“Uma Nova Sala de Aula é Possivel: Aprendizagem Ativa na
Educag@o em Engenharia”, 1.ed. — Rio de Janeiro: LTC, 2019.
BRASIL, MEC, Base Nacional Comum Curricular — BNCC, versio
aprovada pelo CNE, novembro de 2017. Disponivel em:
http://basenacionalcomum.mec.gov.br/abase/. Acesso em: 01 mar.
2018.

NOGUEIRA, A. Contribuigdes da interdiciplinaridade. Petropolis:
Vozes, 1994.

BARCELOS, N. N. S.; JACOBUCCI, G. B.; JACOBUCCI, D. F. C.
Quando o cotidiano pede espago na escola, o projeto da feira de
ciéncias “vida em sociedade” se concretiza. Ciéncia & Educag@o, v.
16,n. 1, p. 215-233, 2010.

27-30 April, 2020, Porto, Portugal

Authorized licensed use limited to: Western Sydney University. Downloaded on July 26,2020 at 02:32:08 UTC from IEEE Xplore. Restrictions apply.



