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Abstract: An effective way to increase the participation of historically excluded students in engineer-
ing education is through informal programming that covers science, technology, engineering, and
mathematics (STEM). This study is part of a broader investigation conducted by Fletcher aimed at
evaluating the programs offered by the National Society of Black Engineers (NSBE) as part of the
Summer Engineering Experience for Kids (SEEK) program at different sites. The study collected pre-
and post-assessment data from 1235 girls across twelve sites to determine if there were significant
differences in interest- and experience-related outcomes at single-gender and coeducation sites. The
study found that the two single-gender sites out of the twelve sites had statistically significant dif-
ferences in participant responses in favor of single-gender sites, with one site showing a significant
association with overall enjoyment of the program. The study used social cognitive theory (SCT) and
intersectionality to guide the research and found that the site type had a significant association with
the results. These findings suggest the need for further exploration of the impact of site type within
informal education programs, especially those targeting historically excluded populations in STEM.

Keywords: informal STEM education; broadening participation; engineering education

1. Introduction

Women, particularly Black women, in science, technology, engineering, and mathemat-
ics (STEM) fields frequently endure marginalization, despite research demonstrating that
their academic performance is equal to, or even surpasses, that of their male counterparts in
these fields [1,2]. Therefore, research has drawn attention to the conflict women frequently
encounter between their feminine identity and their pursuit of a career in STEM, which
can negatively impact their sense of belonging and persistence in the field [3-5]. Several
studies have highlighted the racialized and gendered experiences of Black women in STEM
and acknowledged that Black women are underrepresented in the field of engineering
and tend to pursue it at lower rates than other demographic groups [6]. As a result, there
is a substantial body of studies that have explored the experiences of Black women in
engineering, including the factors that influence their persistence, identity development,
and the unique skills they bring to the field [7,8]. Black women often experience isolation
and cope by giving back to their communities [9]. Research highlights their resilience in
the face of discriminatory and biased experiences.

Accordingly, broadening participation within engineering education continues to be a
top priority for the nation and a target source of funding allocation for public and private
organizations. However, Black and African Americans continue to be disproportionately
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underrepresented among students attaining an engineering degree [10]. Within this popu-
lation, Black women are twice as likely to enroll in higher education compared to Black
men [11]. Yet, when it comes to engineering degree attainment over the past ten years, an
average of only 24% of the Black recipients were women [10,11]. A well-documented solu-
tion to increasing Black girls’ interest in engineering and more broadly, in STEM, has been
exposure to the curriculum and programming through pre-college and informal activities
and initiatives, especially those within informal settings [12-14]. As noted earlier, research
has demonstrated that informal learning programs, such as after-school, out-of-school time,
and summer-based initiatives, are effective in providing Black girls with access to STEM
education [15,16], which is critical given that children only spend about 18.5% of their
waking hours in formal learning spaces [17,18]. These informal educational programs also
provide opportunities for women in STEM careers to act as mentors or role models [14,19],
which helps to broaden the participation of women in engineering and computing [20,21].

From an asset-based perspective, pre-college and informal single-gender settings
contribute positively towards girls” interest in STEM at the higher education level. This is
particularly true for Black and Latinx girls [22]. The next section will take an in-depth look
into the literature to further explore the experiences of Black girls within STEM education,
informal engineering education, and single sex versus coeducation (coed) spaces. As a
note of reference, due to the limited amount of research on Black girls within formal and
informal engineering education spaces, the literature is heavily focused on findings within
the STEM education space.

1.1. Informal STEM Education

Informal education (after-school, before-school, summer-based, and out-of-school
time programs) serves the low-income and historically excluded youth at a greater rate
than the general population [23,24]. Informal programs provide services to 15% of the
national school-aged population. Of this 15%, 24% are Black, 21% are Hispanic, and 16%
are Native American. In total, 61% of these program participants are underrepresented
minorities (URMSs) [25,26]. Informal STEM programs have been found to improve students’
attitudes toward STEM classes, increase interest in STEM careers, and boost academic
achievement [23,27]. As encouraging as this is, many informal STEM programs struggle to
provide science programming because of a lack of resources and knowledge and limited
access to professional development [18,28,29].

In the Supporting Learning for Diverse Groups chapter of their report, it is stressed that
the ability to learn science through informal avenues is particularly important for students
from historically excluded groups [18]. The authors continue by stating that more research
on the holistic learning environment most conducive for different groups is needed to
understand what best supports their ability to learn. Additionally, the research community
should capitalize on building on findings from informal science (i.e., STEM education)
settings so that additional, innovative, and interdisciplinary approaches can be found
and subsequently utilized for comparison and even longitudinal analysis [18]. Within the
engineering education community, we are still in the beginning phases of conducting the
research for which Bell and his colleagues have called. For example, Cardella et al. [17]
found that when examining the design activities that young girls engage in as they work on
engineering challenges with their parents, parents may already be guiding their daughters
to an engineering education when they demonstrate the social relevance of the field.

Although research into Black girls” experiences in STEM has increased, it has primarily
focused on formal settings [11,30]. To broaden their interest and participation in STEM,
organizations are expanding access to and resources for informal STEM education and pro-
gramming [23,31]. Informal STEM education provides opportunities for flexible curricula,
activities, and more personal engagement with teachers and students that are not always
possible in formal education settings [32]. Given the lack of literature on informal engineer-
ing education targeting historically excluded populations, there is a need to further explore
this area. There is also a need for more research as the number of women of color entering
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the “T” (i.e., technology, computing, computer science) and “E” (engineering) fields of
STEM is lower than the remaining STEM fields [33]. Studies are needed to determine the
relationship between single-gender and coeducation settings in (in)formal education and
the educational outcomes of students.

1.2. Single-Gender Versus Coeducation

From an informal learning perspective, young girls that go on to pursue careers in
STEM fields are more likely to have participated in some type of informal learning activity
focused on STEM or have an individual in their life who was a role model from a STEM
field [34]. As previously emphasized, the dearth of scholarly research conducted within
predominantly or entirely Black single-gender educational institutions, both formal and
informal, represents a significant gap in the existing literature.

Bringing up Girls in Science (BUGS), an informal science-based program that was
supported by the National Science Foundation (NSF), took place in Northern Texas with
a group of 32 fourth and fifth grade students and provided an authentic learning experi-
ence. The participants demonstrated a significantly higher level of scientific knowledge
as measured by an Iowa-based basic skills test (ITBS-S) than non-participants. Results
from a longitudinal study comparing participants to non-participants’ perceptions of STEM
careers showed that BUGS participants had more favorable perceptions after participating
in the program, while non-participants had significantly less favorable perceptions [15,16].

An authentic learning experience was implemented to enhance the technology and
science process skills in this group of fourth and fifth grade girls [15]. The curriculum,
focused on mealworms, was delivered by personal mentors. The study found that par-
ticipants showed high proficiency in science process skills such as formulating research
questions, developing hypotheses, designing procedures, and drawing conclusions. How-
ever, improvement was needed in analysis. Additionally, participants demonstrated strong
skills in presenting scientific findings using PowerPoint and Excel.

In addition, a project was conducted including female students in grades 4 and 5
from a mid-sized urban community in North Texas who were enrolled in an after-school
environmental science program with a high-interest curriculum and mentor support [16].
The study examined the immediate impact of the program on the students” science knowl-
edge and its long-term effectiveness in shaping their perceptions of STEM careers. The
findings showed that the program had a positive impact on the students’ perceptions of
science careers compared to the control group. Interestingly, there were no significant
differences observed between the participants, science majors, and STEM professionals in
their perceptions of science and STEM careers, but the control group had a significantly
lower perception than these groups.

The success of programming in the informal makerspace community can be seen in
programs such as ‘I AM STEM’ and “Black Girls Create’. These single-gender after-school
programs offer a culturally responsive curriculum that focuses on STEM capacity building,
research and design, and the empowerment of Black girls. It was found that successful
science and mathematics teachers play a critical role in engaging Black girls in STEM
education [14]. The researchers identified the effective methods and characteristics of
educators who foster passion and academic success in STEM learning for Black girls in both
formal and informal settings. According to the participants, successful teachers address
individual needs, create a culture of learning, and encourage critical and creative thinking.
These teachers, from both ‘I AM STEM’ and the participants” formal schools, demonstrate
innovation in instruction and motivate students to reach their full potential [13].

The effectiveness of these programs is often assessed by the feedback of Black girl
participants, their continued participation, and the mentor teachers’ effectiveness. For
instance, a follow-up study was conducted to examine the perceptions of Black girls who
participated in the “I AM STEM” program [14]. The participants found the program to be
effective and enjoyable, as they were able to go on unique field trips that taught them about
environmental sustainability and technological waste. The study used narrative inquiry
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to analyze the experiences of Black girls in both formal and informal STEM education,
focusing on critical race methodology to highlight the unique experiences of girls of color.
The researcher gathered qualitative data through interviews, reflection journals, student
work, and memos, and used triangulation to generate six counter stories. The findings
showed that the “I AM STEM” program sparked the girls” interest in STEM through
hands-on activities and field trips, leading to ongoing engagement in STEM learning.
Additionally, the study found that providing a platform for Black girls allowed them to
express their thoughts and experiences in STEM, showcasing their enthusiasm for the
subject. King and Pringle’s (2018) research created a safe space for Black girls to reflect on
their STEM learning, generate new perspectives, and connect their informal and formal
learning environments [14].

Another study emphasized the importance of single-gender STEM environments
for Black girls and the role of Black women educators in fostering safe spaces for STEM
activities. The after-school program ‘SISTERHOOD I AM STEM’, facilitated by Black
women educators, enabled a communal experience for Black girls and their families. The
study highlights the significance of after-school STEM programs in boosting self-confidence
and the visualization for Black girls in science [35].

The National Society of Black Engineers (NSBE) created the Summer Engineering
Experience for Kids (SEEK) program in 2007 to address the underrepresentation of Black
and African Americans in engineering. This program, designed for students in grades 3-5,
provides hands-on educational activities centered around an engineering curriculum that
incorporates math, science, and technology. The program aims to enhance students’ STEM
identity, broaden their horizons, and support and promote the ambitions of collegiate and
pre-collegiate students, as well as technical professionals, in the fields of engineering and
technology. As of 2015, SEEK had 17 program sites across 16 major U.S. cities, serving
approximately 15,000 student participants and employing 2500 collegiate and professional
instructors. The program is free and runs for three weeks during the summer. Since
2013, the NSBE leaders have partnered with corporate sponsors and local leaders to create
all-female student and mentor-teacher program sites in Jackson, Mississippi, and Atlanta,
Georgia. While there has been research conducted on the program’s design methodol-
ogy, conceptualization, logic model process, and overall effectiveness [6,36-38], only one
study has examined differences in student experiences and interest outcomes between site

types [39].

2. Conceptual Framework

This study utilizes two conceptual lenses to inform its research question, data interpre-
tation, and program selection, namely intersectionality and Social Cognitive Theory (SCT).
Intersectionality acknowledges the unique challenges faced by underrepresented female
minorities who are marginalized by both gender and race, particularly in STEM education;
hence, single-gender SEEK program sites were selected in our research design. Social Cog-
nitive Theory posits that students” behaviors and actions are shaped by their experiences
within social contexts. This theory offers a perspective for interpreting the experiences of
female SEEK participants. The following sections will provide a more in-depth exploration
of these theoretical frameworks [40].

2.1. Intersectionality

Kimberlé Crenshaw coined the term ‘intersectionality’ to describe how social aspects,
primarily race and gender, can mold and contribute to the foundation of peoples” experi-
ences [41]. She believes that as the interconnected nature of social categorizations, such as
race, class, gender, and sexual orientation, apply to a given individual or group, they create
overlapping and interdependent systems of discrimination or disadvantage. Additionally,
as a critical race theory theoretical framework, intersectionality examines the construction
of those social categories and explains how they are intertwined with oppression within
the United States [42—46].
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Intersectionality played a critical role in this study as the convergence of race and gen-
der for female participants and could impact their experiences and interest outcomes within
the target program of this study [43,47,48]. It is worth noting that research on the underrep-
resentation of women in STEM has highlighted the influence of intersecting identities, such
as race/ethnicity and gender, in shaping their engagement in STEM activities.

Black women in STEM face unique challenges due to their race and gender, which
leads to insufficient representation and support [49]. They often feel judged by their
race in science classes more than their male peers and are more likely to feel excluded
from their departments. These perceptions can negatively impact their experiences in
STEM. Understanding the influence of intersectionality on Black girls” participation in
informal STEM education is crucial. Collecting and analyzing data can help guide policy,
programmatic improvements, and resource allocation within formal and informal education
settings for this population. Research should also examine how gender and race categories
affect different experiences [44,50-54].

2.2. Social Cognitive Theory

Bandura states that most of what we learn as humans takes place within social context
through observational learning. Most of our individual attributes, such as our beliefs,
attitudes towards things, and how and what we learn, are obtained through observing
others, including our family members, friends, trusted members of the community, and
teachers. Bandura believes that cognitive modeling takes place through the observation
of other people, leading to intrinsic learning and goal-directed behavior [55,56]. This is
represented in Figure 1 below, where personal, behavioral, and environmental components
are seen as connecting to one another in a way that synthesizes the formulation of social
cognitive theory.

Personal

(Cognition)

Social Cognitive
Theory (SCT)

Behavioral Environmental

(Modeled) (Learning)

Figure 1. The Social Cognitive Theory model is used as a theoretical framework to analyze data
(Bandura, 1991, 2002) [55,56].

The SEEK program is managed and executed by classroom mentors, with three men-
tors leading each classroom. Instructors, or “mentors”, have a significant influence on the
students” academic and interest outcomes in formal educational settings [57]. At single-
gender sites, the mentors and students are all female, while at coed sites, the mentors
and students can include both genders. In coed sites, each classroom can have either
two male mentors and one female mentor or two female mentors and one male mentor.
Research suggests that girls” academic and interest outcomes differ in single-gender versus
coed settings regardless of race or ethnicity. Boys and girls tend to imitate and model the
behavior of familiar adults, such as parents, by gender, which is similar to their experiences
in the classroom with teachers [58].

While progress has been made in understanding the outcomes for Black females
in various STEM settings, there is a lack of research comparing single-gender and coed
informal STEM educational settings for Black girls. Few programs exist that allow for
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a comparative analysis, and it remains unclear how successful these programs are in
increasing the number of minority girls pursuing STEM secondary and higher education
and careers. Additionally, it is unclear what type of learning environment is best suited
for this. Despite several programs existing, there is a gap in the literature regarding
research on Black girls in single-gender informal STEM education programs. Furthermore,
intersectionality should be considered when ranking factors such as race, gender, and
socio-economic status. Lastly, while there is an abundance of literature suggesting that
single-gender learning environments impact URMs, especially Black girls, this concept has
not been grounded in theory.

This study aimed to investigate the differences in learning environments for Black
girls in single-gender versus coed settings using data from NSBE SEEK by addressing the
following question: What were the results of the summer program for Black girls, in terms of
self-perception, self-efficacy, and confidence in single-gender and coed settings? Therefore, the
results of the summer program were analyzed using SCT to identify the impact on self-
perception, self-efficacy, and confidence. The study’s findings shed light on the implications
for other organizations considering single-gender programming. The research questions
explored the connection between program environment and the experiences of Black girls
at single-gender and coed sites. The next section discusses the methods and methodology
used in the study.

3. Materials and Methods

Secondary data analysis is a method with procedural and evaluative steps that
(1) begins with the development of research questions, (2) identifies dataset(s), and
(3) consists of a thorough evaluation of the datasets to answer the research questions [59,60].
To address the research questions of this study, data from the pre- and post-assessments of
female students were used from both single-gender and coed settings. This was achieved
by following these steps:

1.  Collect/obtain quantitative data from student participants.

2. Extract the male student data from the raw data gathered from the coed setting.

3. Analyze quantitative data for the female student participants, disaggregated by
site type.

4. Compare both data patterns and results from both sites.

5. Interpret the findings in light of the research questions.

It is important to note that in 2015, external evaluation reports revealed that girls
participating in single-gender programs demonstrated greater interest in STEM compared
to those in coed sites. Despite these findings, the reports did not delve into the significance
of this difference, particularly in terms of its distinction between girls at coeducational sites.
Therefore, this study aimed to investigate this finding and evaluate additional interest and
experience outcomes for both populations.

3.1. Target Population

Through the vision of the NSBE SEEK program, along with the findings from the
literature review and data collected from organizational leadership, Table 1 highlights how
our team was able to use this program for our analysis to answer the research questions.
The pre- and post-program assessment results for 2 single-gender and 10 coed sites during
the summer of 2015 were analyzed. Table 1 shows the full list of locations for the summer
of 2015 and all the other years that the locations hosted a program during the summer.
As shown, there were a total of 17 sites for the summer. However, our analysis only
included 12. An explanation of this is provided within the Data Screening, Cleaning, and
Coding section.
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Table 1. The 17 SEEK programs by city, state, and the year that the sites had a program.
No. City State No. of Years Years
1 Atlanta ** Georgia 3 2014, 2015, 2016
2 Birmingham * Alabama 2 2015, 2016
3 Boston Massachusetts 1 2015
4 Chicago * Illinois 3 2014, 2015, 2016
5 Denver SE Colorado 2 2015, 2016
6 Denver NE * Colorado 4 2013, 2014, 2015, 2016
7 Detroit * Michigan 5 2012, 2013, 2014, 2015, 2016
8 Harrisburg * Pennsylvania 1 2015
9 Houston * Texas 5 2012, 2013, 2014, 2015, 2016
10 Jackson ** Mississippi 4 2013, 2014, 2015, 2016
11 Los Angeles California 2 2015, 2016
12 New Orleans * Louisiana 5 2012, 2013, 2014, 2015, 2016
13 Oakland * California 5 2011, 2012, 2013, 2014, 2015
14 Philadelphia * Pennsylvania 4 2013, 2014, 2015, 2016
15 San Diego California 5 2011, 2012, 2013, 2014, 2015
16 Thibodaux Louisiana 1 2015
. . District of 2007, 2008, 2009, 2010, 2011,
7 Washington Columbia (D.C.) 10 2012, 2013, 2014, 2015, 2016

Note: * denotes all sites included within the research project. * Denotes a single-sex (single-gender), all-girls
program, including instructors. Although 2015 is the focus of this study, cities from the 2015 list that hosted SEEK
sites in 2016 are also recognized.

3.2. Program Activities and Participant Selection Process

Each SEEK site was staffed by mentor teachers who participated in a week-long pro-
fessional development event before the start of the program. This training included a
review of the curriculum, classroom management, team building activities, and a manda-
tory parent/guardian orientation. Every student in each class was placed on a team to
accomplish a predetermined project under the guidance of their mentors. The project could
be in one of three areas, namely technical skills, artistic design, or oral presentation. The
curriculum was based on the Common Core State Standards and covered basic concepts
in physics, chemistry, engineering, and more. Each site had a different curriculum for
each of the three weeks. During the first half of each week, the students learned about a
particular prototype and applied engineering concepts. They also learned the engineering
design process, math, science, and vocabulary related to the project. At the end of each
week, students competed against other classes within their grade level. Parents, financial
sponsors, and other stakeholders were invited to attend the competition.

Students were accepted into SEEK on a “first-come, first-serve” basis; however, return-
ing students had priority. Sites were grouped into two categories, namely “full sites” and
“half sites”. Full sites accepted 100 students per grade while half sites accepted around
50 per grade. In some cases, students were added to a waitlist when their parents had to
decline their original acceptance to SEEK prior to the start of the program. There were
no eligibility requirements or pre-screening for students outside of the mandatory parent
orientation and parental confirmation that the student would attend all 15 days of the pro-
gram. Once confirmed, students were placed in classrooms containing around 20 students
each and sorted by grade with three mentors assigned to each class.

3.3. Data Collection, Screening, Cleaning, and Coding

The survey utilized in the 2015 SEEK program was a comprehensive assessment
tool designed to measure six educational STEM outcome constructs (a pre- and post-
program assessment), each with a specific focus on either learning outcomes or student
experience. The pre-assessment was administered during the first days of the first week of
the program, while the post-assessment was administered during the final days of the third
week, enabling a comparison of the students” progress and changes in attitudes. These
constructs included their math score, science score, vocabulary score, interest in STEM,
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educational aspirations, and desire to become an engineer, with varying numbers of items
and total points possible for each section. The completion rates for both assessments (96%
for pre-assessment and 84% for post-assessment) demonstrated the participants’ strong
engagement. This assessment method allowed for a thorough examination of the program'’s
impact on students” STEM knowledge and interest levels. Data criteria for sites included
the following requirements:

1.  Atleast 90% of the female roster identify as Black.
2. A sample size of at least 30 qualifying female students [61].
3. Third, fourth, and fifth graders enrolled in the program.

Out of the initial 17 sites, 5 were excluded from the analysis, namely Boston, Thibodaux,
Denver SW, San Diego, and Los Angeles. While Boston focused solely on eighth-grade
students, this study aimed to target third, fourth, and fifth graders. Setting a minimum of
50 female students per site, this study aimed to include as many sites as possible while also
prioritizing Black girls’ participation. However, Thibodaux, Denver SW, and San Diego fell
short of the minimum sample size requirement. Thibodaux had 62 students, with less than
50% girls, while Denver SW had 95 students with less than 40% girls. San Diego had the
closest proportion of female students at 42%, but after further review, most of their students
did not identify as African American or Black, and thus did not meet the inclusion criteria.
Ultimately, 12 sites met the criteria and were included in the study. Additional cleaning
included removing data involving children outside of the target age range (third to fifth
grade) and male student participants. Sixth grade students from the New Orleans and
Houston datasets were excluded, as they were the only sites with that age group included.
These changes resulted in a smaller data set for the study.

This study focused solely on the outcomes of female students; thus, male student
data were eliminated. As a result, the total number of female students analyzed was 1235.
Although all sites were accessible to students from diverse backgrounds, demographic data
were collected for each site to determine the number of Black female participants. All sites
included had a female population that was at least 90% Black based on the review. Table 2
illustrates the participation of Black girls by site.

Table 2. List of the 12 SEEK 2015 sites that met all requirements.

# Site No. of Girls % Girls
1 Atlanta * 295 100.00%
2 Birmingham 53 37.41%
3 Chicago 109 45.85%
4 Denver NE 66 38.43%
5 Detroit 96 37.01%
6 Harrisburg 72 46.69%
7 Houston 115 47.83%
8 Jackson * 175 100.00%
9 New Orleans 77 37.05%
10 Oakland 69 39.15%
11 Philadelphia 56 32.06%
12 Washington, D.C. 52 33.33%
TOTALS 1235

Note: * denotes single-gender, all-girl site.

3.4. Data Analysis

The data analysis for this study focused on the STEM interest outcomes for Black
female SEEK program participants. Raw data were pulled from the SEEK pre- and post-
assessments taken by the students at the beginning and end of the 3-week program. The
following statistical tests utilizing the IBM single-gender Statistics 22 statistical platform
were employed to address the research questions:
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Grouped bar charts.

Independent t-test (where at least five levels of ordinal data were available).

X2 tests.

Means (questions varied throughout both the pre- and post-assessment. Questions
were one of the following: pre-assessment only, post-assessment only, and both
pre-assessment and post-assessment).

5. Standard deviations.

Cohen’s d and Effect size r (where statistically significant results are present). For
the nine outcome constructs and 18 total items shown in Table 3, statistical analyses,
including an independent ¢-test, a chi-squared test, and descriptive statistics organized
into graphs were used to analyze and display the results.

L\

Table 3. List of the nine outcome constructs and 18 total items analyzed for this study.

Pre- Post- Total Points
*

No. Outcome Construct Area Items (#) Assessment Assessment Possible

1 Interest in STEM Interest Level 10 Aba-j Ala+j Ordl'nal
(5 options)

2 Edugatllonal Interest Level 1 A2 A2 Ordllnal
Aspirations (3 options)

3 Desire to Become an Interest Level 1 A8 A6 Ord{nal
(3 options)

4 Enjoyment of SEEK Interest Level 1 n/a A7e Ordl'nal
(5 options)

5 Knowledge Transfer Informal to. Formal 1 n/a A7f Ordllnal
Learning (5 options)

Informal to Home (Ordinal
6 Parental Engagement Learning 1 n/a A7g (5 options)

- Desire to Return to Interest Level 1 n/a A7h Ordl'nal
(5 options)

8 Teamwork Pr.ogram 1 n/a A7i Ordllnal
Environment (5 options)

9 Student Behavior Priogram 1 n/a A7j Ordmal
Environment (5 options)

Note: * refers to the item number in the survey.

4. Results

As noted earlier, the outcomes of interest in this study were evaluated using the SEEK
program’s pre- and post-program assessment tool. The results of the outcomes at both sites
are presented below for both the pre- and post-program measurements.

Outcome Construct #1: Interest in STEM

The assessment of the first outcome construct, which pertains to interest in STEM,
was conducted using a pre- and post-assessment question administered to all students.
The question featured 10 subquestions with five ordinal options, including “No”, “Not
Really”, “Don’t Know”, “Maybe”, and “Yes”. An independent ¢-test was conducted to
determine if there was a statistically significant difference between the pre-assessment and
post-assessment results by site type. Table 4 below shows the 10 subquestions A-J and
highlights the negative/positive change between the pre- and post-assessments for each
site type for the subquestion linked to the academic outcome construct #1: Interest in STEM,

along with the results from the independent ¢-tests.
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Table 4. The statistical results for the interest in STEM outcome construct.
Subquestion ID Interest in STEM Outcome Construct Single-Sex Coed p Value (Pre) p Value (Post)
A Science is something I get excited ¥ ¥ 0.073 0.129
about.
B I like math. v v 0.047 * 0.356
C I like to take things apart to learn more A ¥ 0.839 0.943
about them.
D I'like to watch programs on TV about ¥ v 0136 0.074
nature and discoveries.

E I'like to work on science activities. Vv 7 0.722 0.570

F I'like reading science books. 7 --- 0.741 0.643

G Science is useful for solving everyday A Py 0.333 0.909

problems.

H Iam good at science. v A 0.837 0.086

I Iam good at math. () v 0.911 0.020 *

J I'like to build things. 0.000 *** 0.536
Notes: * p < 0.05, *** p < 0.001. AN refer to the increase and decrease that happened after the program.

Table 4 shows three instances between the pre- and post-assessment results in which
there was a statistically significant difference between results for single-gender and coed
responses including the following: subquestion B, “I like math”, for the pre-assessment,
subquestion I, “I am good at math”, on the post-assessment, and subquestion J, “I like to
build things”, for the pre-assessment. For subquestion B, single-gender participants had a
higher mean average (4.06) than coed participants (3.92), and the difference was statistically
significant (p = 0.047). For pre-assessment subquestion J, coed participants had a higher
mean average (4.56) than single-gender participants (4.37) and the difference were also
statistically significant (p < 0.0001).

Subquestion I was the only post-assessment question that showed a statistically signif-
icant difference. Results showed that single-gender participants had a higher mean average
(4.27; SD = 1.190) than the coed participants (4.15; SD = 1.292), being statistically significant
by p = 0.020. The Cohen’s d and Effect size r were calculated for this question. The results
are as follows:

Cohen’s d (DV = SubQuestionl; IV = single-gendervscoed): 0.097
Effect size r (DV = VocabDiff; IV = single-gendervscoed): 0.048

According to the information provided, the general impact of these findings is rather
limited. Nonetheless, Table 5 presents a comprehensive summary of the outcomes from all
nine pertinent constructs.

Table 5. Summary of comparative results of single-gender and coed settings.

Assessment # Outcome Construct Results (Single-Gender vs. Coed Site) p Value x>

Post A7e Enjoyment of SEEK single-gender > coed 0.000 ***. 0.004 **
Post A7f Knowledge Transfer single-gender > coed 0.013 * 0.064
Post A7g Parental Engagement single-gender > coed 0.008 ** 0.500
Post A7h Desire to Return to SEEK single-gender > coed 0.273 0.153
Post A7i Teamwork Challenges single-gender < coed 0.036 * 0.056
Post A7j Student Behavior single-gender > coed 0.008 ** 0.465

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001.

Because there were not at least five levels of ordinal data included, an independent
t-test was not conducted for outcomes 2 and 3. Table 5 reflects a higher number of means
were in favor of the single-gender sites compared to coed sites. Three of these means
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were statistically significant, although the chi-squared results showed that there was no
statistically significant association between the question and the site type. Further details
regarding the specific aspects of the outcome constructs are provided below.

Outcome Construct #1: Interest in STEM

The assessment of the first outcome construct, which pertains to interest in STEM,
was conducted using a pre- and post-assessment question administered to all students.
The question featured 10 subquestions with five ordinal options, including “No”, “Not
Really”, “Don’t Know”, “Maybe”, and “Yes”. An independent t-test was conducted to
determine if there was a statistically significant difference between the pre-assessment and
post-assessment results by site type. Table 5 above shows the 10 subquestions A-J and
highlights the negative/positive change between the pre- and post-assessments for each
site type for the subquestion linked to the academic outcome construct #1: Interest in STEM,
along with the results from the independent ¢-tests.

Outcome Construct #2: Educational Aspirations

When asked how far they want to go in school, interestingly, there was an increase
in the number of female students that selected the highest option, “Beyond College”, at
both site types. However, the coed sites had a greater increase, 2.87% versus 0.43% at the
single-gender sites (Figure 2).

How far do you want to go in school?

4.00%

2.87%
3.00%

2.00%

o | 070%
1.00% 0.43%

-1.13% -1.75% -1.12%
oo | 1

Finish HS Beyond Fi S Beyond
-1.00% C c CUHCBC € CUHcgc

SS CE

-2.00%

Figure 2. Pre- and post-assessment responses for “How far do you want to go in school?” (pre-
post A2).

Because there were not at least five levels of ordinal data included, an independent
t-test was not conducted. Results from the chi-squared test showed that there was not a
statistically significant association between the question asked and the site type for the
pre-assessment (p = 0.225) or the post-assessment (p = 0.824).

Outcome Construct #3: Desire to Become an Engineer

When asked if they would ever consider becoming an engineer, there was an increase
in the number of female students that selected “Yes” at single-gender sites (9.79%), but a
decrease at coed sites (—11.31%). Additionally, the coed sites had an increase in the number
of females that selected “No” (2.42%) versus the single-gender sites, which also saw a
decrease in the number females that selected “No” (—2.55%). The coed sites showed an
increase in the number of “Maybe” selections (8.88%) while the single-gender site saw a
decrease (—7.23%) (Figure 3).
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Would you consider becoming an engineer?
15.00%

0,
10.00% 9.79% 8.88%

5.00% 2.42%

0.00% .

- e Yes No Maybe

0 -2.55%
-5.00% & le gender coed

-10.00% -7.23%

-11.31%
-15.00%

Figure 3. Pre- and post-assessment responses for “Would you consider becoming an engineer?”.

Due to the lack of a minimum of five levels of ordinal data, an independent ¢-test
was not conducted. Results from the chi-squared test showed that there was a statistically
significant association between the question asked and the site type for the pre-assessment
(p = 0.044), but not on the post-assessment (p = 0.632). Considering the distinct differences
in responses to this question between the two site types, Cohen’s d and Effect size r were
calculated. The results were:

Cohen’s d Effect size (DV = FutureEng; IV = single-gendervscoed): 0.0147

Effect size r (DV = FutureEng; IV = single-gendervscoed): 0.0073
Based on this information, the overall effect of these results is small.
Outcome Construct #4: Enjoyment of SEEK

When asked if they had fun this summer in the program, the single-gender sites had
a greater percentage of participants who selected “Yes” or “Maybe” (86.5%) versus the
female participants at the coed sites (79.1%). Additionally, there were almost twice as many
female participants at coed sites who selected “No” or “Not Really” (14.4%) in contrast to
the females at the single-gender sites (8.10%) (Figure 4).

Did you have fun this summer in the program?

100.00%
86.50%

90.00% 7910%

80.00%
70.00%
60.00%
50.00%
40.00%

30.00%
20.00% — 14.40%
10.00% 8100 5.30% 6.50%

0.00% | —
No or Not Really Don’t know Maybe or Yes

M single gender = coed

Figure 4. Post-assessment responses for “Did you have fun this summer in the program?” (post-A7Ze).
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A chi-squared test was conducted, revealing the asymptotic significance level (2-sided)
of 0.004, which means that we fail to reject the null as there is a statistically significant
association between the type of site and response to question PostA7e, “Did you have
fun this summer in the program?” Additionally, an independent ¢-test was conducted to
determine if there was a significant difference between the responses for each group on the
post-assessment as this question was only asked on the post-assessment. Results showed
that single-gender participants had a higher mean average (3.52) than coed participants
(3.27) and the difference was statistically significant (p < 0.0001). The Cohen’s d and Effect
size r were calculated because there were statistically significant differences in responses
between the two site types. The results were:

Cohen’s d Effect size (DV = EnjoySEEK; IV = single-gendervscoed): 0.2187

Effect size r (DV = EnjoySEEK; IV = single-gendervscoed): 0.1087

Based on this information, the overall effect of these results is moderate.
Outcome Construct #5: Knowledge Transfer

When asked if they learn something this summer that will help you in school, the
single-gender sites had a higher percentage of participants that selected “Yes” or “Maybe”
(85.3%) versus the female participants at the coed sites (81.7%). Additionally, there was a
greater percentage of coed female participants who selected “No” or “Not Really” (9.4%),
which varied from females at single-gender sites (7.7%) (Figure 5).

Did you learning something this summer that will help you in
school?

90.00% 85.30% 81.70%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00% - L

No or Not Really Don’t know Maybe or Yes

7.70% 940% 700% 8.90%

H single gender = coed

Figure 5. Post-assessment responses for “Did you learn something this summer that will help you
in school?”.

A chi-squared test revealed that the asymptotic significance level (2-sided) was 0.064,
indicating that there was no statistically significant association between the type of site and
response to question PostA7f, “Did you learn something this summer that will help you
in school?” The independent f-test revealed a statistically significant difference between
the groups’ mean averages on the post-assessment question “Did you learn something this
summer that will help you in school?” with single-gender participants having a higher
mean average (3.47) than coed participants (3.33) (p = 0.013).

Outcome Construct #6: Parental Engagement

When asked if they talked to their parents about what they learned in the program, the
single-gender sites had a higher percentage of participants that selected “Yes” or “Maybe”
(78.7%) versus the female participants at the coed sites (74.1%). Additionally, there was a
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greater percentage of coed female participants who selected “No” or “Not Really” (21%)
than single-gender site participants (17.5%) (Figure 6).

Did you talk to your parents about what you learned in the
program?
90.00% N
80.00% 78'70/074.10%

70.00%
60.00%
50.00%
40.00%

30.00% 21.00%
o 21.
20.00% 17.50%

10.00% . 3.80% 4.80%
0.00% _—

No or Not Really Don’t know Maybe or Yes

M single gender 1 coed

Figure 6. Post-assessment responses for “Did you talk to your parents about what you learned in the
program?” (postA7g).

A chi-squared test was conducted, and the asymptotic significance level (2-sided) was
0.500, which means there was no statistically significant association between the type of
site and the response to question PostA7g, “Did you talk to your parents about what you
learned in the program?” The independent ¢-test showed that single-gender participants
had a higher mean average (3.21) than coed participants (3.07) and the difference was
statistically significant (p = 0.008) on the post-assessment.

Outcome Construct #7: Desire to Return

When asked if they would like to come to the SEEK program next summer, the single-
gender and coed sites had about an even number of female participants who selected
“Yes” or “Maybe” (71.7% and 69.4%). However, coed sites had a greater percentage of
female participants who selected “No” or “Not Really” (19.2%) versus the females at the
single-gender sites (16%) (Figure 7).

Would you like to come to the SEEK program next summer?
80.00%
70.00%
60.00%
50.00%
40.00%

30.00% 0
20.00% 16.00° 19-20%

71.70% 69 40%

12.30%11.60%
o E
0.00%
No or Not Really Don’t know Maybe or Yes

M single gender 1 coed

Figure 7. Post-assessment responses for “Would you like to come to the SEEK program next summer?”
(post-A7h).
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A chi-squared test showed that the asymptotic significance level (2-sided) was 0.153,
indicating that there was no statistically significant association between the type of site
and response to question PostA7h, “Would you like to come to the SEEK program next
summer?” Additionally, an independent t-test showed that single-gender participants had
a higher mean average (2.98) than coed participants (2.87); however, the results were not
statistically significant (p = 0.273).

Outcome Construct #8: Teamwork

When asked if they had any problems working on their teams, the coed sites had a
slightly greater percentage of participants that selected “Yes” or “Maybe” (50.4%) versus
the female participants at the single-gender sites (48.5%). Additionally, there was a greater
percentage of single-gender female participants who selected “No” or “Not Really” (46.2%)
compared to the females at the coed sites (42.9%) (Figure 8).

Did you have any problems working on your teams?

60.00%

50.40%
48.50%
% 46.20%
50.00% 42.90%

40.00%
30.00%
20.00%

10.00% 530% 6-70%

0.00% -

No or Not Really Don’t know Maybe or Yes

M single gender = coed

Figure 8. Post-assessment responses for “Did you have any problems working on your teams?”
(post-A7i).

A chi-squared test demonstrated that the asymptotic significance level (2-sided) was
0.056, proving that there was no statistically significant association between the type of
site and response to question PostA7i “Did you have any problems working on your
teams?” An independent ¢-test showed that single-gender site participants had a higher
mean average (2.06) than the coed site participants (2.20), which is a statistically significant
difference (p = 0.036).

Outcome Construct #9: Student Behavior

When asked, “Were there any times you were teased or picked on or left out of
activities?” the single-gender sites had a greater percentage of participants that chose “Yes”
or “Maybe” (34.1%) versus the female participants at the coed sites (29.8%). Furthermore,
a smaller percentage of single-gender female participants selected “No” or “Not Really”
(61.2%) compared to the females at the coed sites (64.2%) (Figure 9).

A chi-squared test was conducted, and the asymptotic significance level (2-sided) was
0.465, which indicated that there was no statistically significant association between the
type of site and response to question PostA7j, “Were there any times you were teased or
picked on or left out of activities?” The independent f-test revealed that single-gender site
participants had a higher mean average (1.41) than coed participants (1.29), a statistically
significant difference (p = 0.008).
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Were there any times you were teased or picked on or left out
of activities?
70.00%
60.00%
50.00%
40.00% 34.10%
29.80%
30.00%
20.00%

10.00% 4.70% 6.10%
0.00% o

No or Not Really Don’t know Maybe or Yes

61.20% 64.20%

M single gender 1 coed

Figure 9. Post-assessment responses for “Were there any times you were teased or picked on or left
out of activities?” (post-A7j).

5. Discussion

The objective of this study was to uncover the influence of educational settings, namely
single-gender and coed settings, on the STEM interest of female students. The results of
this study highlighted that the educational setting plays a discernible role in influencing
the STEM interests of female students. This is demonstrated by the improvement in four
out of ten subquestions for participants in the single-gender sites that may imply that such
environments are more effective in fostering certain aspects of STEM interest. However, we
cannot overlook the decrease in six subquestions that also highlights potential areas where
single-gender settings may not be as advantageous. Conversely, the increase in only two
subquestions and decrease in eight for coed site may suggest that coed settings are not as
conducive to fostering STEM interest among female students. Taking into consideration
the substantial outcomes that emphasize the influence of the educational environment
on STEM interest, there were the following three significant differences between the two
groups in pre- and post-assessment results: subquestion B, “I like math”, pre-assessment;
subquestion I, “I am good at math”, post-assessment; and subquestion J, “I like to build things”,
pre-assessment.

In more detail, the study found that the participants who attended the single-gender
sites for subquestions B and I had higher mean averages compared to those who attended
the coed sites. However, for subquestion J, coed female participants had a higher mean
average. The results suggest that single-gender site participants had a more empowering
experience that allowed them to develop interests in math and feel confident in their abili-
ties, whereas coed female participants did not experience the same level of empowerment.
This self-perception may be the root cause for the reason why these female participants
developed an affinity for mathematics. The prevalence of male dominance in STEM fields
highlights the significance of providing female participants with the chance to view them-
selves as proficient in mathematics without the added pressure of competing with boys
in a coed environment. Regarding subquestion J, it is recommended to explore teachers’
perception, pedagogical approaches and materials, and other relevant factors that may
influence female students’ future STEM accomplishments.

The data indicate that in single-gender settings, female participants showed a greater
interest in pursuing engineering careers compared to their counterparts in coed settings.
This may be due to the increased self-assurance experienced by students in single-gender
settings, as evidenced by a decrease in those who responded with “Don’t know”. It is
reasonable to suggest that the absence of male dominance in the single-gender setting
enhanced these female participants’ self-esteem and confidence, reduced gender stereo-
types, and enabled them to view themselves as capable of studying STEM, excelling, and
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pursuing careers in the field. This finding is consistent with the results of a previous study
that showed that female participants involved in BUGS had a significantly higher level of
confidence in science [16].

Only one of the outcome constructs had a chi-squared significance level greater than
the threshold of 0.05, which was #4, Enjoyment of SEEK (x? = 0.004). This question also
demonstrated statistical significance between the two groups (p < 0.0001). This indicates
a strong association between the responses and the site type, suggesting that female
participants at single-gender sites had a more positive experience of SEEK than those at coed
sites. To create an environment that fosters the enjoyment of STEM for female participants,
it is essential to eliminate gender-related issues and challenges. In the single-gender setting,
the female participants demonstrated effective collaboration and established functional
networks without encountering any impediments. Moreover, single-gender settings may
foster confidence and self-esteem in female participants and reduce unnecessary social
obstacles that can hinder progress and divert energy and focus away from achievement
and excellence. An equitable and engaging environment that eliminates gender barriers
is necessary for female participants to thrive, develop a keen interest in STEM, and feel
empowered to pursue STEM careers.

The results of five of the six constructs showed that single-gender sites mean scores
(post-assessment questions only) were higher than those at coed sites, and four of those
five were statistically significant. These findings suggest that single-gender settings offer
a more positive experience for female students in summer engineering programs and in
sharing their knowledge with their parents or guardians than coed settings.

Family dynamics may also play a role in parent engagement, but the fact that a
greater percentage of participants in single-gender settings reported engaging with family
members suggests that they may have felt more empowered and confident in sharing
their experiences in STEM. This also indicates a high level of interest and enthusiasm
for STEM topics among the participants. Furthermore, the decrease in “Don’t know”
responses among female participants in single-gender settings is noteworthy, as it suggests
a psychological influence, possibly reflecting a greater sense of confidence and assurance
compared to those in coed settings.

It has been shown that single-gender STEM environments can provide positive social
experiences for Black girls, which is crucial for promoting their innovations in the field and
fostering collaboration [35]. King and Pringle (2018) also highlighted the importance of
offering credence and counterspace to Black girls to showcase their exceptional aptitude
in STEM education [14]. A single-gender environment can provide a counterspace where
competition is minimal, and gender stereotypes are not present, making it easier for female
participants to exhibit less hesitancy, greater determination, and a positive attitude. This
study’s results support this notion, demonstrating the shift from the margin to the center is
more accessible in such an environment which can offer a counterspace, where competition
is minimal, and the obstacle of gender stereotypes is not present. Consequently, the students
exhibited less hesitancy, greater determination, and a positive attitude.

Additionally, female perceptions of student behavioral management by classroom
instructors are more likely to be positively perceived in single-gender settings than in
coed settings. This is important for individuals within this study who fall into a more
intersectional bucket. Intersectionality from a non-power perspective and simply a ‘matter
of fact’ angle should be included in research conversations. By not doing so, research results
could lead to inaccurate or negative policy implications or misguided funding allocation.

There are several factors that play or could play a role in the results we have seen
in previous sections. These factors include race, gender, program site type, mentors’
backgrounds, SES, site location, mentors’ years of experience, and students’ pre-program
exposure to STEM. Research demonstrated that these factors could influence student
outcomes, including academic and interest outcomes, within any program [42,45,47].
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So, single-sex or coeducation?

Results from the quantitative analysis showed outcomes of both site types. For single-
gender, all-girl sites, there were four findings that showed statistically significant differences
between site types, and they were all in favor of single-gender sites:

1. Girls at single-gender sites had significantly higher desires to become engineers after
the program.

2. Females at single-gender sites had significantly higher responses when asked if they
enjoyed the program.

3.  Significantly higher, more positive results occurred when asked, “I am good at math”
(From 0.911 on pre-assessment to 0.020 on the post-assessment).

4.  Significantly higher responses on if they would use knowledge during SEEK outside
of the program.

5. Significantly higher responses on sharing what they had learned with their parents.

For coed sites, there was one statistically significant difference between site types that
favored coed sites:

1. Girls at coed sites were less likely to say they have been teased or picked on.

This bullying environment reported in the single-gender setting is worth further
investigation to uncover the underlying causes that contributed to such behavior.

This study revealed nine key findings that favored single-gender sites over coed sites,
with only two findings in favor of coed sites. In a single-gender environment, the role
of gender is crucial and cannot be overlooked. In such settings where male dominance
is not an issue, female participants’ typical barriers against engaging and progressing
are eliminated, enabling them to establish supportive peer networks that nurture STEM
identities. Thus, single-gender sites may offer a more positive, engaging, and inclusive
environment for female participants than coed sites. To determine if these findings hold
true over multiple years, a longitudinal analysis is recommended. If consistent results
are found, providers of STEM OST programs nationwide, particularly those serving Black
girls, can be recommended to increase the number of single-gender programs for female
students. However, this change would need to address the advantages of coed sites, such
as teamwork, which was found to be lower in single-gender sites. To counteract potential
negative impacts of teachers’ internal gender stereotypes, instructional materials should
be designed to prevent single-gender settings from becoming environments where female
gender stereotypes flourish and deter female participants from pursuing STEM fields. This
is crucial for sustaining the interest of female participants in STEM.

The primary aim of the SEEK program is to foster positive long-lasting changes related
to STEM interests; therefore, it might be necessary to customize its approach according to
the educational setting to optimize positive results in STEM interest and self-perception
among female students. The findings of this study could also be utilized by educators and
policymakers when making decisions about the structure of educational programs and
initiatives that aspire to increase female participation in STEM fields.

This study offered valuable insights into the outcomes of the summer engineering
program for Black girls in terms of their self-perception, self-efficacy, and confidence at
single-gender and coed sites, as well as the potential implications for their interest and
involvement in the field. However, the limitations of this study as a quantitative inquiry are
acknowledged. Therefore, a subsequent qualitative study is recommended to explore the
subquestions that have undergone changes after the program and were not addressed, to
provide a more comprehensive understanding of both sites. Additional research is also nec-
essary to scrutinize specific elements of single-gender and coed educational environments
that contribute to the highlighted differences. Such studies will offer a better understanding
that facilitates the development of more effective learning contexts that encourage female
students’ interest in STEM.
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6. Conclusions

The lack of diversity in STEM fields, particularly among underrepresented minorities
(URMs), is a major concern in the United States. To address this issue, it is crucial to in-
crease URMSs’ access to high-quality STEM education. Outside of formal education, URMs
are more likely to participate in informal STEM and non-STEM programs. Therefore, it
is important to leverage this time to educate URMs about STEM education and careers,
especially for African American and Black women and girls. Although Black women are
attending and graduating from college at higher rates than Black men, these rates reverse
when controlling for STEM and engineering degrees. As noted earlier, this highlights
the need for further research on the potential benefits of single-gender educational envi-
ronments in fostering an inclusive and empowering atmosphere that encourages girls to
pursue STEM fields. However, this study also revealed various factors that could have
influenced female students’ responses to the pre- and post-assessment questions, as well as
differences in their responses between the two assessments.

This provides an opportunity to research informal STEM education for Black women
and girls and look at their experiences in single-gender versus coed environments within
the same program. Particularly, populations including researchers, policy makers, NSBE,
and other organizations who strive to increase the quality of informal STEM education
and broaden participation within STEM, will benefit from the findings. When determining
the most effective informal learning environment and program structure for educating
Black girls in STEM, there are multiple areas that need to be considered including the most
suitable learning environments and implications of intersectionality. It is important for
researchers and practitioners to recognize these areas to increase the interest level of Black
girls and women within STEM fields.
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