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Abstract: The literature shows that many efforts have been made to draw female students to STEM in 
general and engineering careers in particular. The importance of ensuring that engineering is a gender-
neutral field and addressing the existing obstacles for females in the field are well documented. The 
objective of this report is to chronicle the method by which a student organization, such as Baja SAE Club, 
can be used as a catalyst for the involvement and empowerment of women in engineering and higher 
education. Additionally, the report highlights the collaborative efforts between the University and the local 
community college and the effectiveness of this collaboration in strengthening this cause.  
 

1. INTRODUCTION 

Engineering professionals today are held to high standards and require a certain level of qualification to 
succeed in their respective industries. It is crucial for the training and education of future engineers to begin 
at an early age.  This involves career aspirations made as early as elementary school, and continuing as the 
students’ progress towards higher educational stages. To this end, many companies are also taking action 
to garner interest, promote involvement, and increase awareness for young girls in STEM and engineering 
fields. An example is Collins Aerospace, a unit of United Technologies and Raytheon Company, a leader 
in technologically advanced and intelligent solutions for the global aerospace and defense industry.  They 
are “Redefining Futures” by inspiring girls and minorities to pursue opportunities in STEM by intentionally 
engaging with them at an early age. Their annual “Introduce a Girl to Engineering Day” event is held during 
National Engineers Week and is a movement to help young girls recognize their place in engineering a 
better world. It is targeted towards middle school to junior high school aged girls. Studies show that interest 
in STEM amongst young girls is at its highest between the ages of 5 and 16, but tapers off significantly 
once girls enter high school. Post-event survey results from the 2019 event showed that respondents were 
80% more likely to consider a career in Engineering [15]. As organizations and companies continue these 
efforts, it is crucial for educational establishments to set up similar initiatives as well.  

The literature also shows that the challenge to attract female students to engineering is two-fold: attract 
and keep them in the engineering career paths, and assure that there are positions available in these fields 
for individuals with the right qualifications, regardless of their gender. Offering the opportunity to work on 
technical projects with a strong purpose provides additional motivation for the individual to stay in that 
field of work. One venue for multicultural experiences coupled with technical experiences for students is 



Proceedings of the 2020 IEMS Conference 
 
 

 89 

through multi-disciplinary collegiate competitions such as the SAE International's Collegiate Design Series 
(CDS) competitions (or simply “Baja SAE Competition”). 

2. WOMEN IN ENGINEERING 

A study conducted by Robert Hart [1] shows that, before 1940, the employment of women in industry 
and engineering positions was negligible. The landscape of employment in the field of engineering was 
transformed after the onset of World War II, when severe shortages in the number of skilled male workers 
served as a catalyst for the consideration of equally skilled women in the field. The employment rates of 
females in the field increased from 10.5% in 1939 to 35.2% by 1943. Due to the temporary nature of these 
wartime contracts and the return of the male professionals from the frontlines, a reduction in the female 
workforce employment rate was seen, with a reduction from 35.2% in 1943 to 20.9% by 1960. Despite this 
trend, a significant number of women retained their positions, thus making their participation permanently 
higher than it was prior to the war. This trend and the associated factors, such as wage considerations, labor 
laws, etc, are numerous and enable a better understanding of the current trends seen in the employment of 
women in engineering. These factors are not discussed further as they are beyond the scope of the objectives 
of the report. 

Despite the ever-increasing importance of STEM and engineering in contemporary life, the number of 
women engineers remains low, at approximately 20% of the workforce,  as depicted in Table 1. 
 

Table 1 Women's share of S&E bachelor's degrees, by field: 2000-2013 

Year Physical 
sciences 

Biological and 
agricultural 
sciences 

Mathematics Computer 
sciences Psychology Social 

sciences Engineering 

2000 40.8 55.8 47.8 28.0 76.5 54.2 20.5 

2001 41.6 57.3 48.0 27.6 77.5 54.8 20.1 

2002 42.7 58.6 46.9 27.5 77.5 54.8 20.9 

2003 41.7 59.7 45.6 27.0 77.7 54.7 20.3 

2004 42.2 60.1 45.9 25.1 77.8 54.5 20.5 

2005 42.6 59.9 44.6 22.3 77.8 54.2 20.0 

2006 42.2 59.8 44.9 20.7 77.4 53.7 19.5 

2007 41.1 58.6 43.9 18.6 77.4 53.8 18.5 

2008 41.1 58.2 43.9 17.7 77.1 53.5 18.5 

2009 41.0 58.2 43.0 17.9 77.2 53.6 18.1 

2010 40.9 57.8 43.1 18.2 77.1 53.7 18.4 

2011 40.3 58.1 43.0 17.7 77.0 54.2 18.8 

2012 40.2 58.1 43.1 18.2 76.7 54.7 19.2 

2013 39.0 58.0 43.1 17.9 76.6 54.9 19.3 
 

Source: Survey; National Science Foundation, National Center for Science and Engineering Statistics, WebCASPAR 
database, http://webcaspar.nsf.gov. Science and Engineering Indicators 2016 
NOTE: Physical sciences include earth, atmospheric, and ocean sciences. 
 

As opposed to the stagnation of trends seen in the employment of women in engineering, the trends seen 
in academia and other STEM fields, has been more encouraging. In academia, the number of female 
doctorate recipients in the fields of science and engineering increased by 84%, compared with 27% growth 
in the number of male warded doctoral degrees. The percentage of doctorates awarded to women increased 
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from 33% in 1996 to 42% in 2009, and it has remained stable, since at this rate since that time [2]. The 
involvement of women in research and innovation is significant, as evidenced by the fact that between 2005 
and 2015, an increase in the proportion of women researchers and of women with higher education degrees, 
remained higher than 50% in some European countries [3]. It is interesting to note that, according to the 
statistics presented by the National Girls Collaborative Project, career choices are made as early as 
elementary school, but the gender separation in STEM programs was more apparent at the undergraduate 
level [4]. This information is helpful in guiding when and where interventions that address and relieve 
obstacles to female involvement in STEM fields can best be applied. 

3. STUDENT ORGANIZATIONS 

There are undeniable benefits for students who partake in university sponsored extra-curricular activities 
and programs. Programs have been found to enhance retention, in addition to the social integration. They 
also provide an experiential learning opportunity for students that increase interest in their chosen 
professional career.  

According to Amirianzadeh et al. [5], the following factors are effective in involvement in student 
associations:  

1. Student’s personal characteristics: self-confidence, extraversion, emotional intelligence, self-
efficacy, communication skills, eloquence skill, skill of understanding others 

2. Structural Factors: Organizational culture, organizational climate, leadership  
3. Background characteristics: Age, Sex, major  
4. Other Factors: Family, school, peer 5. Environmental Factors: Political, social, economic, cultural, 

scientific 
 

Students in these student organizations are the future leaders of the 21st Century who will have 
experiences related to Sustainable Development Goals even before graduating [6] 

Female membership in discipline-specific student organizations appears to be related to involvement in 
other extra-curricular engineering activities For example those who have read an engineering listserv or 
newsletter, heard an engineering speaker outside of class, gone on an engineering field trip, had an 
engineering internship, and conducted research or worked for pay for a faculty member.  

Additionally, women tend to be drawn to engineering projects that provide a benefit to society... 
Programs, student clubs, and classes were not designed to be particularly appealing to female students. 
Perhaps the reason some female students are being drawn into the engineering field is that they may find at 
the core of each of the programs a focus on engineering that is cutting edge, with an explicit social context 
and mission [7]. 

Women who participate in student organizations start the year more confident that engineering is the 
right major and career for them [8]. It is possible to identify a positive trend in student-driven clubs and 
organizations where female participants account for the majority of the overall participation. At the 
interdisciplinary D-Lab at MIT, which focuses on developing “technologies that improve the lives of people 
living in poverty,” 74 percent of over 230 enrolled students this past year were women [9]. At Princeton, 
the student chapter of Engineers Without Borders has an executive board that is nearly 70 percent female, 
reflecting the overall club composition. Seventy percent of the university’s student-run Sustainable 
Engineering and Development Scholars program is also female [7]. 

4. COOPERATION BETWEEN CINCINNATI STATE TECHNICAL COMMUNITY 
COLLEGE (CSTCC) AND NORTHERN KENTUCKY UNIVERSITY (NKU) 

SAE (Society of Automotive Engineers) Norse Baja, is a professional organization for students that are 
interested in the automotive field. SAE allows students the opportunity to apply skills learned in the 
classroom to real world applications through collegiate design competitions. These competitions provide 
irreplaceable hands on experience sought after by the automotive and aerospace manufacturers, suppliers, 
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and motorsport teams. This is an organization which includes students from various universities and 
community colleges. Cooperation between universities and community colleges have the potential to bring 
many benefits to students as both types of institutions bring different strengths to the table [10]. This report 
outlines the cooperation between NKU and CSTCC, in the form of pathway agreements that enable their 
A.S. degree graduates to transfer to NKU to obtain a B. S degree in different areas. Also, NKU and CSTCC 
have partnered in the development of curricular initiatives, such as the NKU’s Mechatronics Engineering 
Technology program [11]. 

With so many of the CSTCC graduates transferring to NKU it would be only natural that NKU Norse 
Baja team have decided to collaborate with CSTCC Mechanical Engineering Technology program to 
combine resources in 2019-2020 academic year. The NKU Baja team now has over ten years of experience 
with Baja competitions, however this is the first year that CSTCC has attempted to compete in a Baja 
Competition. As it can be very difficult to create a new team, build a car, and get a competition in the first 
year with a new team, the collaboration between the two schools has been a critical factor in the success of 
the new CSTCC team. Veteran students from NKU have been eager to share their experiences and the 
CSTCC students additionally served as a valuable resource for manufacturing assistance while they learn 
from the more experienced NKU team. In the future, faculty advisors from both institutions will lead 
students in the process of building their vehicles separately, but with shared equipment and laboratory 
facilities, as well as collaborating in logistics.   If a student decides to transfer to NKU upon completion of 
their AS degree at CSTCC, they may apply the acquired expertise to continue their progress on the NKU 
Baja project. This will allow students to develop better understanding of the various technical and 
managerial aspects related to the project as well as to future endeavors in their field of study.   Students 
start at the beginning technical level and as they progress through their education, they will take on more 
advanced tasks including project and resource management responsibilities.  Students involved benefit by 
interacting with other students and faculty from a different institution. While working closely with the NKU 
team, the CSTCC students will also gain familiarity with the NKU campus, students and instructors, making 
the transition to NKU a streamlined process. 

There are multiple benefits realized from a collaboration such as this. Not only does this benefit students 
by creating a smooth transfer pathway and way to progress academically, it also allows the programs to 
pool resources. Each school has equipment and resources that the other may not have. Because Cincinnati 
State has a strong focus on manufacturing skills, they have created a well-equipped manufacturing 
laboratory with a wider array of equipment than NKU has. Where NKU team may be lacking some 
laboratory equipment they can provide extensive engineering knowledge along logistical support and 
assistance at the event. An example of collaboration for this year’s car is the NKU team has constructed the 
frame in the CSTCC manufacturing lab. The CSTCC students helped construct the NKU frame receiving 
valuable guidance from the NKU team, thus learning in the process. Although the two teams’ frames are 
completely different in design, getting experience is vital to develop any hands-on skill. Another example 
of pooling resources is sharing transportation to the event. With so much event experience the NKU team 
has everything needed for a Baja Competition, this can take a team years to procure.  The CSTCC team is 
such a new team that they currently lack the equipment to get to the event and the equipment needed operate 
smoothly at an event. This year the NKU team has obtained a new trailer, large enough to fit the Baja 
vehicles from both teams, however the NKU team is lacking a truck able to pull the load. T CSTCC team 
has a truck that can safely haul the trailer allowing for both teams to benefit. 

Thus far the collaboration between the two schools has been a great success for the teams and 
engineering programs as a whole. Both teams are growing and there is an increasing interest of students 
from all disciplines. Knowledge and skills are being shared and developed bi-directionally in a 
complementing way to each respective program and school. Due to the success of this collaboration the 
teams are planning a friendly race with other local teams to prepare for the next Baja competition. 

 



Proceedings of the 2020 IEMS Conference 
 
 

 92 

5. CHRONICLE OF FEMALE STUDENT MEMBERS IN NORSE-BAJA AT NKU 

From the inception of the Norse Baja team in 2010, there have been several key female team members 
involved each team annually.  The following pictures shows some of the students that have been involved 
with Baja projects (Figures 1 to 6).    
 

 
Figure 1. The NKU team at the 2019 midnight mayhem unsanctioned event, three of the students in this photo 

are recent transfer students from CSTCC 
 

 
Figure 2. Welding the frame in 2010-2011 academic year team, with Captain seated in the frame 

 



Proceedings of the 2020 IEMS Conference 
 
 

 93 

 
Figure 3. Endurance race during 2014-2015 SAE Baja competition week 

 
Figure 4. 2017-2018 SAE Baja competition structure and safety test 
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Figure 5. Female Baja participation in the Manufacturing lab and at Baja events 

 

 
Figure 6. A female team member tack welding the 2019-2020 frame 

 
Currently (in 2019-2020 academic year), two of the key team members are female students.  These 

include the team captain, and co-captain.  Current team captain works full time at one of biggest 
manufacturers in the region and therefore brings in a wealth of current manufacturing experience.  She has 
shown to be an excellent project manager guiding the team to adopt new and challenging innovations 
allowed by SAE.  Example of this work is to design and build a 4-wheel drive version of the Buggy for the 
first time this year.  

In a presentation by Dr. Carissa B. Schtuzman, Associate Vice President for Adult and Graduate 
Education at Thomas More University about role of women in manufacturing [12], she stated that a key to 
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earn a degree successfully is peer support.   She also said women’s way of working are not “Less Than” as 
they tend to: 

 
§ Solve problems collaboratively 
§ Focus on productive goals  
§ Prioritize tasks and manage time effectively 
§ Open to mentoring by other women or men 
§ Navigate the nontraditional environment in multiple ways 

 
During the academic years since the inception of NKU SAE Norse Baja in 2010, our observation 

corroborates with the above findings.  The exemplar attributes for women in Baja teams and in 
manufacturing careers in general is their willingness to: 

 
§ Do formal manual experiences that comes with the tasks at hand 
§ Tend to be self-reliant problem-solvers 
§ Exhibit high degree of mental and emotional toughness  
§ Demonstrate academic success while going through their academic careers  

 
The goals in encouraging women involvement in the Baja project are:  
 
1)  Create a peer program that convene regularly  
2)  Utilizes training that results from their college experience 
3)  Ensure engagement and connection formally and informally  
4)  Create an inclusive culture by privileging and rewarding team members  
5)  Provide exemplar attributes in their search for jobs in industry and  
6)  Provide an internal leadership program that purposely include female students.  
 
There is also anecdotal evidence of growing female participation and leadership in SAE Baja such as 

the viral hash tag: #girlsofbaja. This started as a fun photo taken by Cornell students and has now grown 
into a sort of movement in the Baja community. [13] It is not uncommon to see students and staff wearing 
“#girlsofbaja” t-shirts at events showing support for women in engineering.  

6. CONCLUSION 

Our goal at NKU is to attract more female students into Engineering Technology programs by 
encouraging them to work collaboratively in a project and utilize the key factors in the success of female 
students mentioned above.  Experience in leadership roles shows that women’s ability to collaborate and 
focus on certain areas are far greater than their male counterparts [14], therefore their participation in 
student projects like Norse-SAE Baja could take full advantage of those abilities toward the overall student 
success.   

The current enrollment in the Engineering Technology programs is 217 students, from which only 11 
are females (reference Table 2 and 3). Female students are still vastly underrepresented, but it is worthwhile 
to mention that a significant portion of them are involved with the SAE-Norse-Baja team, and all of them 
in leadership roles. We present this data in an effort to encourage further endeavors in promoting the 
involvement of females in the field of engineering.  
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Table 2. Total Enrollment in Engineering Technology programs 

Academic Period Specialization Student 
Count 

2019-2020 Spring Electrical & Electronics Eng Tech 
Major 27 

2019-2020 Spring Electronics Engineering Tech Major 33 

2019-2020 Spring Mech & Manuf Engineering Tech 
Major 132 

2019-2020 Spring Mechatronics Engineering Tech 
Major 25 

Total 217 

Source: NKU Office of Institutional Research 
 

Table 3. Enrollment in Engineering Technology programs - Female Students 

Academic Period Specialization Student 
Count 

2019-2020 Spring Electrical & Electronics Eng Tech 
Major 1 

2019-2020 Spring Electronics Engineering Tech Major 1 

2019-2020 Spring Mech & Manuf Engineering Tech 
Major 7 

2019-2020 Spring Mechatronics Engineering Tech 
Major 2 

Total 11 

Source: NKU Office of Institutional Research 
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