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Abstract 
Outreach program is understood as any scientific communication that directly engages an audience 
outside of academia. Here we present a three-year program, whose goal is to contribute to STEM 
education focusing on female students. We investigate benefits found by professors and undergrad 
students that conduct such program, including the gains driven by the commitment to the cause, the 
possibility to develop transversal competencies, the possibility to improve technical competencies and 
career, and also the personal motivations. We also point out benefits of the institute that supports this 
outreach program, as well as the possible barriers to participation. Findings here discussed are 
encouranging, being useful to establish new programs and evaluate their results and directions. 
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1 INTRODUCTION 
Public outreach (or Scientific outreach) is understood as any scientific communication that directly 
engages an audience outside of academia. The main goal is to promote public awareness and 
understanding of science and making informal contributions to science education [1], [2], [3]. There 
are distinct types of outreach activities, for example, public presentations, visits to primary and 
secondary schools, workshops, and science fairs [3], [4].  

Outreach programs offer the possibility to scientists receive inputs from the public about their 
research, including the existence of new perspectives, the refinement of the current proposal, and the 
stimulation of new inquiries [3], [5]. Towards effectiveness in public outreach, it is important to 
understand the public to reach in order to select the appropriate instrument, for instance by applying 
global or local strategies. Public outreach must have an associated process of development, 
implementation, and evaluation, being then conducted with rigor [3], [6]. 

Outreach participation can vary accordingly to the job profile and stage, such as professors, 
researchers, undergrad, and graduate students. The main motivation to participate in outreach 
programs is associated to the commitment to society, by the desire to disseminate science, to 
increase social inclusion and to encourage careers in science. Other motivations are to enjoy the 
outreach experience itself, to improve communication skills, to have a positive emotional experience, 
and to become a better person [4], [7].  

There has been a demand from educational leaders to have academia as partners to reform education 
through outreach programs [4], mainly due to the relevance of STEM (Science, Technology, 
Engineering, and Mathematics) education. STEM education is a strategy to gather a workforce with 
deep technical skills to address challenges in our society [8]. In this trend, public outreach programs 
have been developed to make children/youth understand the relevance of STEM, to increase their 
knowledge about STEM concepts, and to provide a positive impact on their attitudes toward STEM 
fields [9], [10], [11]. 

In this paper, we present the findings of a three-year program called “Women in STEM2D”. STEM2D 
is an extension denomination for STEM that includes Manufacturing and Design. It is a public outreach 
program developed in an Engineering institute called ITA (Technological Institute of Aeronautics) and 
sponsored by a renowned health-care company Johnson&Johnson (JnJ). The program goal is to 
contribute to STEM education focusing on female students. We then address two main challenges: 
STEM education itself and the gap in female participation in STEM. The female cause is important to 
cultivate talents and to ensure their entering in the workplace, contributing to reach diversity in STEM 
areas and consequently creativity and innovation [12]. 
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We investigate the benefits of participating in this outreach program, discussing what move professors 
and undergrad students to contribute and which are the gains driven from their performance. We 
structure the benefits in four main areas: the commitment to the cause, the possibility to develop 
transversal competencies, the possibility to improve technical competencies and career, and the 
personal motivations. We also comment on the gains for the overall institute to support this outreach 
program, as well as the possible barriers to participation. 

2 METHODOLOGY 
The “Women in STEM2D” program has three main lines of actions, as shown in Fig. 1: “Disseminate 
and impact changes”, “Training of ITA students”, and “Inspire young girls to STEM2D areas”. It is 
important to state that professors and undergrad students work together to achieve program goals. 
We are organized in teams, so each team coordinate and develop one or more initiates [13].  

In the “Disseminate and impact changes” direction, we aim to report the results of our program [14]. 
The “Creation of STEM2D network” fosters the assembling of new STEM2D groups in Brazil by 
developing and disseminating throughout the country our activities. The “Divulgence to society” 
initiative develops channels of communication with society in general via social media, in order to 
publicize the program and mainly to engage more women and girls in the STEM2D areas. 

 
Figure 1. Structure of the “Women in STEM2D” program. 

In the “Training of ITA students” direction, the focus is to support undergrad students in their technical 
development as well as in the acquiring of soft skills [15], [16]. In the “Technical projects” initiative, 
each ITA student should develop  a technical project. The technical project can be projects of courses 
being held by the student; scientific initiation at ITA or other scientific institutes; projects of ITA 
students (e.g. projects which have the objective of competition); or another new project. Moreover, 
some of them can be developed together with JnJ considering strategic research projects at the 
forefront of STEM2D areas. The “Workshops, events, visits to companies” initiative aims to promote 
training activities for our students (ITA students) through courses, lectures, and events. One great 
success is “Women in Leadership” event. In the “Workshops JnJ”, we have the interaction between 
JnJ professionals and ITA students in workshops about career and professional aspects. 

Our major effort in on the “Inspire young girls to STEM2D areas” direction. In the “Hands-on and 
minds-on learning activities at ITA” initiative [17], [18], we develop hands-on activities and apply them 
at ITA to girls (from 11 to 17 years old), in order to increase their knowledge and enchantment about 
STEM2D areas. For a girl, only the fact to come to our school for developing an activity already 
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promotes an enchantment. We have also an event called “Engineering Day at ITA” to receive young 
students (boys and girls) to develop hands-on activities and to known the technical projects of ITA 
students. In the “Out of ITA hands-on and minds-on learning activities” initiative, we use the hands-on 
activities in public spaces (such as parks) in order to reach a larger number young girls and their 
families. The “Capstone Projects” initiative achieves girls of the high school, to promote an experience 
with an Engineering project. The idea is to incorporate creativity and critical thinking as essential 
elements in their Engineering skills, and propitiates the girls with scientific skills to continue in the 
STEM2D areas.  

The “School talks” are lectures given by ITA students in middle and high schools in Brazil [18]. The 
goal is to motivate girls to feel able to apply STEM2D as a life project and view their future within 
STEM2D areas as possible. The lecture includes examples of women that transformed the world 
through science, examples of STEM2D projects, and a presentation about ITA. The “Workshops” 
initiative indeed constitutes a group mentoring program for young girls [19]. The objective is to awake 
in girls the ability to dream about STEM2D and realize how to achieve their dreams through the 
example of our students and professionals in distinct careers. Through our program development from 
2016 to 2018, we have reached important results. For instance, 721 girls performed hands-on 
activities at ITA, 560 students (boys and girls) participated of the “Engineering Day at ITA” event, 3863 
students (boys and girls) attended the lectures in schools, and 91 girls participated in workshops of the 
group mentoring program. 

In 2018, the program was conducted by six professors, one communicator professional and 21 
undergrad students at ITA. We submitted a survey to investigate which are the benefits for 
participating in the program. We had 25 respondents. We explored four main categories of benefits: 
“Commitment to the cause”, “Transversal competences”, “Technical competences and career”, and 
“Personal satisfaction”. Each category had associated items to capture the specificities of participants’ 
motivation as well as their intensity. For each item, participants should respond using the following 
scale: “Very much”, “Somewhat”, “Not really”, or “Not at all”. We also asked respondents to share their 
experience in open questions. 

Regarding the “Commitment to the cause” category, we asked, “How much the following items 
motivate you?”: “To promote STEM in society”, “To demystify the image of people in STEM”, “To seed 
the love of STEM in children”, “To foster social inclusion”, “To encourage children to consider a career 
in STEM”, and “To contribute to female cause”. In the “Transversal competences” category, the 
question was “How much your participation in the program contributed to develop you in the following 
competences?”: “Problem solving”, “Communication”, “Leadership”, “Teamwork”, “Self-management”, 
“Resource management”, and “Creativity and Innovation”. 

Regarding the “Technical competences and career” category, we asked, “How much your participation 
in the program contributed to develop you in the following competences?”: “To learn concepts and 
develop skills”, “To develop real projects”, “To apply in practice your projects”, “To implement my ideas 
and initiatives”, “To practice directives, responsibility and deadlines”, “To use the experience in 
curriculum or recruitment process”, “To work with a renowned company”, “To be prepared to 
workplace”, “To understand and develop networking”, and “To meet women with prestigious in STEM”. 
In the “Personal satisfaction” category, we asked, “How much your participation in the program 
contributed to achieve the following items?”: “Novelty, curiosity and fun”, “To break routine”, “To have 
a positive emotional experience”, “To open mind to different perspectives”, “To become a better 
person”, “To interact with students”, “To interact with professors”, “To be proud of our school”, “To 
develop self-confidence”, and “To have visibility”. 

We explored possible barriers to participation in the program, using the “Program difficulties” category. 
We then asked, “How much the following items are barriers or difficulties to your participation in the 
program?”: “To conciliate academic activities”, “Negative judgments of others”, “Difference in 
commitment of participants”, “Confusing communication”, and “Lack of clarity about my activities”. Ate 
the end, participants also shared their experience freely. 

3 RESULTS 
In the figures below we present the results of our survey. In the horizontal axis is stated the percent of 
respondents that answered each option (“Very much”, “Somewhat”, “Not really”, or “Not at all”). In Fig. 
2, we have a comparison among the chosen categories of benefits. We observed that the main 
benefits driven by participation in the program are related to “Commitment to the cause” and “Personal 

7970



satisfaction”. However, important benefits are also perceived related to “Technical competences and 
career” and later “Transversal competences”. Below we discuss each category independently. 

 
Figure 2. Categories of benefits and their perceived importance. 

In the “Commitment to the cause” category (shown in Fig. 3), all benefits were classified to have great 
importance, as seen by the 80% or more in “Very much” option. The possibility to contribute to the 
female cause has the most relevant result, which is aligned to the goal of our program. Benefits 
associated to both STEM and children (“To seed the love of STEM in children”, “To foster social 
inclusion”, and “To encourage children to consider a career in STEM”) got great relevance, which was 
expected since the major effort in our program is towards the “Inspire young girls to STEM2D areas” 
direction. 

 
Figure 3. Importance of benefits in “Commitment to the cause” category. 

 
Figure 4. Importance of benefits in “Transversal competences” category. 

In the “Transversal competences” category (shown in Fig. 4), the main benefit is “Creativity and 
Innovation”, which is an important result by revealing the nature of our program that creates and 
implements ideas and solutions by distinct initiatives. “Teamwork” is also seen as a great benefit, 
which is a consequence of the program coordination that basically defines teams, initiatives, and 
responsibilities. “Communication” is seen a good benefit, mainly driven by initiatives that require such 
skill, including those in the “Inspire young girls to STEM2D areas” direction that make participants to 
elaborate activities and lectures to share with others. “Self-management” is an interesting benefit, 
including personal management in terms of time and activities’ organization. “Problem solving” and 
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“Leadership” are seen as a consequence of the empowerment given to teams. Participants are in 
charge of their actions and implementations, including the need to solve technical issues and other 
unforeseen events, as well as the need to practice formal leadership (inside the team) or informal 
leadership (during the interaction with the target public of initiatives). The participation in the program 
also contributes to “Resource management”, since participants have to deal with material or financial 
resources, for instance when acquiring items to produce hands-on activities. In our program, we define 
a budget to each team apply in initiatives. 

 
Figure 5. Importance of benefits in “Technical competences and career” category. 

In the “Personal satisfaction” category (shown in Fig. 6), two benefits presented major importance: 
“Interact with students” and “Interaction with professors”. It reveals the pleasure of promoting 
integration among students in a university, among professors, and moreover among both students and 
professors. Other personal satisfactions include having fun by participating in the program; the 
possibility to break routine by performing activities distinct from the academic ones; to have a positive 
emotional experience by interacting with our target public and seeing the positives results of the 
program; to open mind to distinct perspectives mainly by experience the realities of our target public 
(realities distinct from those of program participants), to become a better person by contributing to a 
great cause; to be proud of our school by stating the program achievements; to develop self-
confidence by understand that participants’ contributions are essential; and to have visibility by having 
participants’ actions known in our school and moreover in society. 

 
Figure 6. Importance of benefits in “Personal satisfaction” category. 
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Regarding the possible barriers to participate in the program (as shown in Fig. 7), we observed that 
“Difference in commitment of participants” is the major problem, since it can frustrate participants with 
high performance and even reduce the potential of the whole team. Other major difficult is “To 
conciliate academic activities” since the academic activities in our school require a huge commitment 
and involvement by students, which consequently reduces the available time to them participate in 
other projects. One aspect that deserves our attention is the “Confusing communication”, indicating 
that we need to refine of communication approach among participants. The good news is that 
participants understand their responsibilities (according to the low result in “Lack of clarity about my 
activities”) and the program itself have prestige inside our school (according to the low result in 
“Negative judgments of others”). 

 
Figure 7. Degree of barriers to participation. 

Benefits were also pointed related to our school as a whole for conducting the “Women in STEM2D” 
program. ITA is able to attract new students, including boys and girls, since we promote the school 
during lectures, workshops and events. People in general have access to the program’s initiatives and 
results, especially via social media and events, which in turn approximate ITA and society. The 
program provides visibility to our school and make us a kind of reference in the cause of women in 
STEM. ITA in turn can contribute to other institutes and schools interested in similar outreach 
programs. Moreover, with this important program in portfolio, ITA is able to build a solid relation with 
our sponsor, to identify new outreach challenges, and to attract new opportinuties with other partners. 

4 CONCLUSIONS 
We related our experience in conducting a three-year outreach program called “Women in STEM2D”, 
discussing the benefits found by professors and undergrad students that participated of such program. 
We found that what moves participants is mainly the commitment to the cause (in our case, STEM 
education and the female gap in STEM), followed by the fulfillment of personal satisfactions. So, in 
order to involve participants and engage them, it is essential to congregate people that share the 
same goals and ideals. Moreover, an outreach program needs to contribute to participants in personal 
aspects, by promoting a constructive and pleasure experience. Our program extrapolates outcomes 
directly related to the target public and provides benefits to participants regarding technical 
competences and career. Indeed, participants are able to deal with real problems, develop projects 
and apply them; which is a relevant practice to academic and career purposes. Our program is also 
able to benefit participants by allowing an environment to develop transversal competences. 
Transversal competences are now consider essential to formation of STEM professionals, and their 
development in technical courses can be difficult; in this way, an outreach program is an important 
approach. The school that conducts the program has also benefits, which are mainly related to 
visibility in society and reliability with partners. Given the diversity and intensity of benefits found in our 
program, we encourage schools and practitioners to develop other outreach programs, especially 
those considering STEM education. Furthermore, the benefits here listed can be useful as guidance to 
evaluate the positive results and directions of the programs. 
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