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Abstract: Gender inequality has been a persistent problem in higher education and industry in the STEM
fields in the United States. While progress has been made in the last decade, there is a potential for
increasing inequality in the time of COVID-19 with the inability to engage students in a face-to-face forum.
In order to introduce elementary and middle school students to robotics and STEM, a monthly, virtual
online outreach curriculum, mostly led by female students has been developed to stimulate student
excitement and encourage girls to get involved in the fields of science and technology. Robotics is used
as a conduit to teach and stimulate interest in STEM. A fun, hands on, and interactive curriculum for a
series of educational online workshops has been developed, covering the engineering design process,
competitive robotics, 3D CAD tutorial, programming, and robot mechanics. Our findings suggest that in
elementary school, girls and boys are approximately equally interested in STEM. The outreach workshop
appears to be a useful way to encourage and engage boys and girls in STEM virtually during COVID 19.

1. INTRODUCTION

The United States, between 2009 and 2018, the percentage of women working specifically in the
computer and mathematics occupations, and in the architectural occupation rose from 14% to 16% (US
Bureau of Labor Statistics, 2019). The chart in Figure 1 shows the breakdown by STEM occupation in
2018.

Women in STEM Occupations

50%

40%

30%

20%

10% -
0%

Computer and Architecture and Chemists and Physical Scientists Biological Scientists
Mathemetical Engineering materials scientists

Figure 1: Women in STEM, 2018, US Bureau of Labor Statistics

Despite the small increase, the representation of women in the STEM workforces are problematic for
a society that relies heavily on technology. Not having enough women in the technology field leads to
biases in the development new algorithms, machine learning, as well as depriving the field of innovation
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and talent from women. Society can benefit from women’s’ different perspectives and expertise (Milgram,
2011). Many root causes have been advanced, including gender stereotypes and teacher biases, and lack
of role models. Starting STEM education early while encouraging girls has been proposed as a solution.
There is evidence that boys and girls score the same in math in elementary school, but diverge in secondary
school (Card, 2017) (Steven W. Hemelt, 2020). Even more troubling, there is evidence that the recent
interest in STEM by girls has declined 11 percent between 2018 and 2019 (Rose, 2019).

2.  DESCRIPTION OF FIRST WORKSHOP

A novel, online STEM workshop was the first introduction for elementary and middle school students
of the entire SUSD school district of 2000 students, introducing different type of robotics competitions at
elementary, middle school, and high school levels. These include the FIRST Tech Challenge, FIRST
Robotics Competition, VEX Robotics Competition, and FIRST Lego League. In addition, the workshop
focused on the teaching the engineering design process with a hands-on workshop to further solidify the
learnings. The workshop was fast-paced, fun, and interactive; it was squeezed into one hour after school,
entirely online, and was able to keep the young students engaged. Special emphasis was placed on
encouraging the participation of girls with the following format:

 Introduction to Robotics: 10 Minutes

* Introduction to the Engineering Design Process: 10 minutes

* Design a vehicle with wheels with household recycled materials: 30 minutes

» Sharing the design results: 10 minutes

This workshop was conducted online over Zoom due to COVID. Participants were supposed to stay
muted unless they have a question. If they have a question, they used the raise hand function in Zoom to
be called on, and typed their questions in the chat. Participants were taught about the engineering design
process and got a chance to apply the concept through a hands on, fun design challenge.

In this challenge, students built a non-robotic vehicle that could transport small toy people or goods.
The vehicle had to be sturdy, and had to travel at least 1 meter without breaking. They were allowed to
use common materials found around the house, including bottle caps, balloons, straws, toilet paper rolls,
bananas/potatoes, empty water bottles, paper cups, empty containers, cardboard, construction paper, old
CDs, sticks, pencils, and plastic containers. They were expected to follow the engineering design process,
shown in Figure 2, for making their vehicle. The steps include asking a question about a problem that
could be solved, imagining a solution about how to solve the problem, writing out a detailed plan, creating
the prototype, testing and improving the prototype, and sharing their creations.

Figure 2: Engineering design process chart
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The students were encouraged to ask questions anytime, and in particular, the elementary school girls
were very active in asking questions during this workshop. The participants were given 30 minutes to
design and build. At the end of the build, they shared their creations. Figure 3 shows a few of the creations.

Figure 3: Workshop 1 creations

The registration list consisted of 81 students. The gender and age breakdown were analyzed. Figure 4
shows the number of girls participating per grade. As shown, girls’ interest in STEM and engineering
peaks at 4th and 5th grade, and then quickly declines in 6th, 7th, and 8th grade. 51% of the registrations
were girls.
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Figure 4: Percentage of girls in workshop 1

Figure 5 shows the total attendees that attended workshop 1, divided up by grade. 4th graders were
the largest group that attended this workshop.
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Participants in Workshop 1 by Grade
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Figure 5: Histogram of participants for workshop 1

3.  DESCRIPTION OF SECOND WORKSHOP

Workshop 2 led by a female member of the RMS Robotics Club, and was focused on middle school
robotics competitions. After a presentation about robotics, students were given an interactive task to draw
a robot of their own creation.

Figure 6 shows the number of girls participating per grade, taken from the total number of 58 signups.
This chart of workshop 2 confirms high interest in STEM for elementary school girls. The similar trend

of the declining interest is seen in the middle school grades with each year showing less interest in 6th,
7th, and 8th grades.
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Figure 6: Percentage of girls in workshop 2

Figure 7 shows the total attendees that attended workshop 2, divided up by grade. 3™ graders were the
largest group that attended this workshop.
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Participants in Workshop 2 by Grade
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Figure 7: Histogram of participants for workshop 2
4. DESCRIPTION OF 3R> WORKSHOP

This third outreach workshop was led by another female member of the robotics club. She taught the
students about 3D CAD. This workshop detailed out the merits of CAD, and taught students about
different functions. Finally, they were given a hands-on challenge with the text: “CAD something to help
you survive if you were stranded on an island.” Students used Tinkercad for this challenge, since it was
free and available on all devices.

Figure 8 shows the percentage of girls participating per grade, taken from 46 signups. The results from
this chart are surprising, as the grade with the highest participation of girls is 6th grade. One possible
explanation for this data might be that CAD is more advanced, and therefore more girls in middle school
would like to attend. It could also be that in elementary school, girls don’t want to try CAD, but gain more
interest in the middle school years. Also, no 8th graders signed up for this workshop.
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Figure 8: Percentage of girls in workshop 3

The second chart shows the number of participants in this workshop, by grade level. 4™ graders were
the largest group that attended the 3" workshop.
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Participants in Workshop 3 by Grade
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Figure 9: Histogram of participants for workshop 3
S. FUTURE WORKSHOPS

We will be hosting monthly virtual workshops on STEM related topics including basic 3D CAD design
using Tinkercad, beginner coding using a visual programming language, intermediate coding using a text-
based language, and identifying robot components and mechanical elements. Many outreach sessions are
hosted by middle school girls in the robotics club to provide role models for their peers and younger
students.

6. SUMMARY

Engineering, computers, and mathematics have low gender diversity, and the improvements of the last
decade have been minimal. This leads to lost opportunities, and a lack of diversity of perspectives.
COVID-19 has created further hurdles, especially for girls to learn STEM. The objective of the virtual
outreach workshops to middle and elementary school students is to engender and promote interest from
girls and boys into STEM at a young age. The workshops were successful at garnering the attendance of
girls in the elementary schools, but a significant drop-off was seen at the middle school level. It is the
hope of the author that this outreach program will be successful in encouraging children to pursue further
STEM education, and increase the likelihood that girls will have an interest in STEM for their later
education and careers. I think this virtual outreach model should be continued in the future, because the
previous in-person outreach programs had low participation and diversity. I think that the reason why
these outreach programs are so successful is because students can log in remotely from anywhere, so it’s
a lot more convenient and gives students a lot of flexibility.
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