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Increasing STEM Engagement in Minority Middle School Boys 

through Making 
 

Abstract 

African-American and Hispanic males are significantly underrepresented in science, technology, 

engineering, and mathematics (STEM) careers. While youth start narrowing their career choices 

in middle school, integrated STEM programs rarely specifically target minority males. 

Roadblocks that continue to challenge minority males in their pursuit of success in STEM fields 

include: disparity in access to high quality STEM educational resources, a lack of role models; 

and a shortage of highly trained, minority STEM educators. To address this need, four 

Historically Black Colleges/Universities (HBCUs) in different states, in partnership with The 

Verizon Foundation, established the Minority Male Maker Program in the spring of 2015. This 

program empowers underserved middle school students in urban and rural communities and their 

teachers by providing resources, instruction and professional development in 3D modeling, App 

development, and computer science. The long term goals of this project are to increase 

participant interest in STEM careers and college attendance. In the short term, we anticipate 

increased technology proficiency, STEM engagement and academic achievement. Additional 

outcomes include increased teacher and mentor understanding of STEM instruction delivery and 

mentorship. This presentation will provide evaluation results and lessons learned during the first 

year of this project, including the effects of strategies, such as mentorship and early exposure to 

university-based STEM resources. Recommendations for developing a prototypical process for 

developing programs that broaden participation of underrepresented students will also be 

discussed. 

 

Introduction 

In many institutions of higher education today, the enrollment of female students outnumbers 

that of male students. While black men make up about 6% of the US population, they are only 

3% of the STEM workforce1. Coupled with the lower educational outcomes for minority males, 

there is an increased need to engage young men through STEM activities and mentorship2. If the 

US could achieve equal educational attainment between men of color and white men, it would 

result in a 1.8%3 increase in the U.S. gross domestic product, a leading economic indicator. As 

part of the My Brother’s Keeper Initiative, President Obama has increased attention to the plight 

of males of color in the educational and criminal justice systems4 According to a recent report 

from the White House3, the number of college degree holders among black and Hispanic males 

varies from 12% to 21%, versus 38% for white men. This is partly driven by the lower (but 

increasing) high school completion rates of men of color, particularly Hispanic (72%) and 

American Indian (67%);  completion rates for white (95%) and black males (93.5%) is almost 

the same. A slightly smaller percentage of black and Hispanics pursue STEM fields versus their 

white counterparts (11.5% and 14.5% versus 16.4%), contributing to these statistics. The lack of 

pre-college preparation for STEM coursework through prerequisite courses, study skills, and 

knowledge of major have been identified as barriers to success of Black and Latino males in 

STEM7. These provide opportunities to identify large-scale approaches to addressing some 

barriers to STEM engagement and achievement for black men, starting in the middle grades. 



 

Low-income youth, who are disproportionately minority students, are less likely to be ready for 

college, as measured by college entrance examinations. For example, 50% of high-school 

students from families with incomes of $36,000 or less do not meet any of the four ACT College 

Readiness Benchmarks for college readiness compared to 31% of all students who took the 

examination. For high school students with an interest in STEM, 29% met the readiness 

benchmark for mathematics while 25% met the benchmark for science, compared to 53% and 

48%, respectively, for all students interested in STEM5. Available data indicates that academic 

preparation varies significantly by state and ethnicity. For example, in Kentucky, location of one 

of the MMM sites,  44.8% of all middle schools students attained proficiency in state-wide tests, 

while only 19% of African-American students attained proficiency6. When looking at high 

school readiness of African-American students, again in Kentucky, only 15% of 8th Graders meet 

the ACT EXPLORE benchmark for mathematics and 4.6% for science, a precursor to the college 

readiness benchmarks for high school students. Based on the National results of student 

performance by income, the ACT recommends expansion of college access and readiness 

programs for low-income students in the middle grades5.  

This paper describes a multi-university initiative designed for middle school-aged minority 

males. Details provided include the theory of action, program framework, context for 

implementation at four HBCUs, and the evaluation design and preliminary results.  

 

Minority Male Maker Theory of Action 

In order to guide this research, the following theory of action was developed:  

 

The cumulative effect/interaction of students’ exposure to the essential MMM Program 

elements in a university setting and school setting will lead to increases in achievement, 

engagement in STEM activities, and attendance at school. 

 

Our hypothesis for this program is: Minority middle school males, who are exposed to 

ethnically-matched mentors and STEM summer and academic year programming at four 

historically black colleges will report increased interest in STEM content and STEM careers, as 

well as increased interest in attending college. Our research question for investigating this 

hypothesis is: To what extent does participation in the MMM Program increase students’ interest 

in STEM content, STEM careers, and college attendance? The theoretical perspectives that 

undergird the MMM program design include experiential learning theory8, mentorship through 

ethnically matched mentors9,10  and developing 21st Century skills11,12 such as creativity and 

technology proficiency (Figure 1).  

 

Experiential Learning Theory, posited by Kolb (1984), has five phases: 1) Experience – do the 

activity, 2) Share – reactions and observations in a social context, 3) Process – analyze and 

reflect upon what happened, 4) Generalize – discover what was leaned and connect to a life, and 

5) Apply – what was learned to a similar or different situation13. We will apply this theory during 

3D modeling and printing activities in which students work collaboratively to first design models 

using simulation computer software, then print and construct models.  These simulations will 

parallel hands-on model-building activities and allow students to transfer what they learn while 



engaged in building physical models to other scenarios. According to Wingart14, when students 

build physical models and adapt them over time, models serve to help explain phenomena, 

develop and revise students’ thinking, and predict outcomes. These activities also reinforce 

concepts that are included in the Common Core Mathematics Standards15, the Standards for K-12 

Engineering16, and the Next Generation Science Standards17 (Table 1). 

 

   

 
Figure 1: MMM Program Theory of Action 

 

 

Table 1: Standards and Practices aligned with MMM Program Theoretical Underpinnings 

Common Core 

Mathematical 

Practices 

Standards for K-12 Engineering Education 
NGSS Science & 

Engineering Practices 

Make sense of 

problems and persevere 

in solving them. 

MS-ETS1-1. Define the criteria and constraints of a 

design problem with sufficient precision to ensure a 

successful solution, taking into account relevant scientific 

principles and potential impacts on people and the natural 

environment that may limit possible solutions. 

Asking questions and 

defining problems. 

Developing and using 

models. 

 

 

Research on mentoring has been found to have positive behavioral and academic outcomes9.  

Some research has pointed to the importance of role models and mentors who come from similar 

ethnic backgrounds as the students18 and who may have the potential to promote a sense of  

engineering identity, defined as the interface between academic performance, institutional 

connectedness, gender role and mentors in engineering19. Ethnically matched mentors and role 

models have been included in the MMM program in an effort to facilitate students’ ability to 

envision themselves occupying these positions, instill a sense of academic self-efficacy20 and 

enhance students’ academic self-concept in mathematics and science21. The MMM program 

provides training and resources to mentors through a partnership with a national mentoring 

 

21st Century Skills 

(Trilling, et al., 2009;

Binkley, et al., 2012) 

Experiential Learning 

(Kolbe, 1984) 

Ethnically Matched 

Mentorship

(Syed, et al., 2012; 

Blake-Beard, et al., 2011) 

Academic Success 
Sense of Belonging

Task Oriented

Self-Efficacy 



network, National Cares Mentoring Network, designed to empower underrepresented students in 

their pursuit of success in business and education goals. 

  

The Framework for 21st Century Learning describes the skills that today’s students need to 

thrive in a complex and connected world11. The Framework includes; life and career skills; 

learning and innovation skills (such as critical thinking, communication, collaboration and 

creativity); and information and technology skills. The Framework underscores the importance 

of applying technology effectively, by describing the links between information and 

communication technology (ICT) and core subjects such as English, mathematics and science. 

The MMM Program leverages this framework by incorporating student collaboration with 

coding instruction in app development using software that allows for downloading of apps to 

Android devices. 

 

The framework and logic model for this program include elements that are similar to other 

outreach programs that target underrepresented minorities or a single gender. For example, the 

MOTIVATE framework utilizes technical and non-technical skill development, mentoring, 

parental support and informal education and was implemented in a program for middle and high 

school girls, primarily African-American, hosted at an HBCU,22. Project Exploration, a Chicago-

based program to increase diversity in science, develops meaningful relationships with students, 

utilizes experts to teach content, and engages students in meaningful work to produce increased 

science capacity and encourage participants to envision science careers23. Girls Day Out has 

shown the successful impact of a one day workshop on reshaping girls and parents attitudes 

about engineering, increasing awareness of what is involved in engineering, and creating a 

pathway to an engineering career24. Hira and Hynes encourage creating engineering design 

challenges for the K-12 classroom that are tied to students’ personal and situational interests, 

which drives the interests of underrepresented minorities in Making25.   However, none of these 

programs provide minority males with instruction in STEM content, mentorship and university 

engineering resources that promote interest in college and STEM careers. 

Program Context and Description 

During the initial round of funding, four HBCUs were selected to implement the program after a 

competitive application process; additional minority institutions will be added in 2016. The four 

institutions discussed in this paper are Jackson State University (mid-sized public, urban, 

research university), Kentucky State University (small public, land grant university), Morgan 

State University (mid-sized public, urban, research university),  and North Carolina Agricultural 

and Technical State University (mid-sized public, urban, land grant, research university). They 

are located in four states spanning the middle Atlantic region, Southeast and Midwestern regions 

of the United States. The MMM program at each university is housed in technology, engineering 

or science departments and the project teams include multidisciplinary faculty. Each institution is 

given autonomy to implement a summer and academic year program. However, all four have 

three common activities designed to support achieving the MMM short- and long-term goals; 1) 

instruction in 3-D modeling and 3-D printing, 2) instruction in software application (app) 

development and 3) mentoring from college students and minority men. In addition, each 

institution has added unique elements based on capabilities and philosophy. These activities 

exposed participants to activities designed to enhance their knowledge of personal development, 

entrepreneurship, and other STEM topics, and included workshops and field trips. For example, 



one university integrated robotics into the program activities and provided competitive 

opportunities. Participants are drawn from middle schools (grades 6 – 8) that enroll at least 40% 

of students from families falling at or below 185% of the poverty line ($44,863 in 2015, for a 

family of four), as measured by students receiving Free And Reduced Meals (FARMs)26,27. 

However, some of the participants are from schools in which over 90% of the students received 

FARMs in the 2015-2016 school year.  

 

The MMM participants were introduced to designing 3-D models and developing software 

applications for Android devices using age appropriate computer aided design software. These 

topics introduce the students to engineering and computer science while equipping them with 

21st Century skills such as critical thinking28. These program elements are described in detail 

below.  

3-D Modeling and Printing: Additive manufacturing, more commonly known as 3D printing, has 

become common place in libraries and classrooms over the last couple of years. Available 

software has evolved to allow young children and adults, with limited engineering backgrounds 

to design models for printing. Programs targeted at middle school students emphasize hands-on 

modeling and participants are able to generate simple designs within 90 minutes using software 

such as TinkerCAD29. The MMM Programs provided participants with extended instruction that 

allowed them to design and print complex 3D objects. Since concepts of algebra and geometry 

are the foundation for solid modeling and application development, participants reviewed these 

and other mathematical concepts.   

Mobile App Development: Coding was introduced using one of two age-appropriate visual 

programming languages, MIT App Inventor and MIT Scratch. When possible, participants 

downloaded their programs to Android devices to interact with their apps on mobile devices. 

Mentoring: The participants interacted with college student mentors, local technology 

entrepreneurs and corporate leaders, minority inventors, and other speakers, to encourage self-

efficacy.  The National Cares Mentoring Network provided training to program staff on the 

mentoring needs of African-American boys.  

Middle School Teachers: Each of the universities integrated middle school teachers into program 

activities. Teacher involvement ranged from being embedded with students who were learning 

the new skills, to having teachers develop lesson plans to use for instruction in their schools. 

Morgan State University hosted a week-long 3D modeling workshop where teachers developed 

four transdisciplinary lesson plans based on 3D modeling that could be integrated in middle 

school classes in at least two of the following areas: science, mathematics, engineering and 

technology. These lessons were piloted in several Baltimore City middle schools during the 2015 

– 2016 academic year. 

Table 2 illustrates a framework of the program design and logic model. 

 

 



Table 2: MMM Conceptual Framework and Logic Model 

Goals: (1) increase participant interest in STEM subjects, STEM careers and attending 

college; (2) improve students’ academic performance and engagement in STEM activities; 

and (3) increase students’ STEM task oriented self-efficacy and sense of belonging through 

exposure to mentors and role models. 

Associated Theories and Perspectives: Experiential Learning Theory8, mentorship 

through ethnically matched mentors9,10, and 21st Century Skills Framework11.  

Activities Inputs Outputs & 

Outcomes 

Data/Evidence & 

Analyses Methods 

Instruction in 3D 

Modeling and 

Printing and 

Mobile App 

Development 

University 

resources, 3D 

printers, software, 

and lab facilities 

Increased 

proficiency in the 

use of technology 

Documentation of 

artifacts and products, 

analyzed using rubrics 

Mentorship Exposure to role 

models, mentors 

and entrepreneurs 

Increased student 

interest in STEM 

careers and 

attending college 

% of students who report 

increased interest in 

STEM careers and 

attending college based 

on  comparative analyses 

of pre-post student 

surveys   

Guest speakers 

and Field Trips 

Funding  and guest 

speakers from The 

Verizon Foundation 

and other partners 

Increased student 

engagement in 

STEM activities 

% of students who report 

increased engagement in 

STEM based on 

comparative analyses of  

pre-post student surveys 

Mathematics and 

science instruction 

and tutoring 

University faculty 

program support 

Increased 

academic 

achievement 

% of students with 

improved academic 

performance  based on  

comparative analyses of 

school records 

Entrepreneurship 

Workshops 

Support from the 

Business 

Community 

Increased 

attendance at 

school 

% of students with 

improved attendance 

based on comparative 

analyses of school records 

Professional 

development 

events and 

Mentoring 

Training from the 

National CARES 

Mentoring 

Network 

Professional 

Development and 

Workshops for 

Teachers and 

Mentors  

Increased teachers’ 

understanding of 

STEM instruction 

% of teachers and mentors 

who report increased 

understanding of STEM 

instruction based on 

comparative analyses of 

pre-post teacher/mentor 

surveys and focus groups 

 



Participants 

Participants were recruited from 56 middle schools in four states for the summer pilot and were 

primarily African American (87% - 97% of attendees at each location). In order to achieve the 

project objectives, 480 middle school boys were provided with instruction or programming in the 

summer of 2015. College faculty or graduate students at the host university provided instruction 

to participants. Additionally, over 30 graduate and undergraduate students served as mentors, 

providing near-peer mentoring. Program details are outlined in Table 3. 

Location Program Design Minority Students Served Teachers, Faculty, and Mentors 

Table 3: 2015 Summer Minority Male Maker program demographics30 

Location Program Length Minority Students 

Served 

Teachers, Faculty 

and Mentors 

Jackson State 

University 

One week  

(Four sessions) 
30 16 

Kentucky State 

University 
Three weeks 86 6 

Morgan State 

University 
Four weeks 38 10 

North Carolina A & 

T University 

One-week  

(Four sessions) 
326 20 

Total Participants 

Reached 
 480 52 

 

 Minority Male Maker Program Evaluation Design 

 An evaluation framework was developed by the Evaluation Team from SRI International that 

includes a description of project activities, inputs, output and outcomes, data to be collected and 

methods of analyses (see Table 2). The evaluation was designed to address the following 

research question; To what extent does participation in the MMM Program increase students’ 

interest in STEM content, STEM careers, and college attendance?  Student surveys were 

collected at each program site. One survey used to measure career interest and interest in STEM 

subjects was the Student Attitudes toward STEM (S-STEM) Survey, which invites students in 

grades 6-12 to give information about their attitudes toward science, technology, engineering, 

and mathematics subjects, 21st Century skills, postsecondary pathways, and career interests 31. 

Additional questionnaires that targeted similar topics were also created by program staff at each 

site and included questions that targeted technology proficiency, and program satisfaction. Data 

analysis methods for analyzing survey data included comparative analyses and descriptive 

statistics. Teacher, Mentor, and Parent Surveys and interview/focus group protocols were created 

by SRI for use at all four sites at the end of Year 1 of the program. A plan was developed in 

collaboration with participating local schools to collect end-of year academic achievement data 

(grades, summative test scores) and attendance data.  

 

 



Preliminary Results 

Initial results have been very encouraging with respect to recruitment of middle schools, 

recruitment of minorities, ability to deliver instruction over the summer, provide near-peer 

mentoring and involvement of students in the development of 3D design and mobile applications 

and attendance at an entrepreneurship workshop30. In addition to instructor-guided design, 

students developed their own 3D designs including key chains, a chess set, game controllers and 

3D models of their artwork. The students also developed mobile applications that included 

images, sound, and Internet links. To link instruction in CAD, programming, and 

entrepreneurship at one site, teams of students pitched ideas for new businesses that integrated 

all the skills they had learned.   

Preliminary results at the end of the summer of 2015 support the hypothesis that participating 

students increased their interest in STEM subjects and activities that are related to STEM 

careers. Three universities conducted pre- and post-surveys of students for their summer 

program. The data from NCAT represents student responses from a one-week session, JSU data 

is from four one-week sessions while MSU data is after a four-week session. All universities will 

conduct evaluations at the end of the academic year program, providing additional data points for 

more in-depth analysis. Results from several questions on the initial survey are listed below. For 

Table 4, a five-point Likert scale was used, with the question: What is your interest in taking 

classes in the following subjects in the future? Results at MSU indicated increased interest in 

science, technology, engineering and design courses, while NCAT results indicated increased 

interest in engineering. JSU results (Table 5) indicated increased interest in careers in science, 

technology, engineering, mathematics and design. In addition to questions on interest in STEM 

classes, MSU used a three-point Likert scale with the following prompts for two questions 

(Table 6): 1) Technology usage: I've used or created these technologies before; and 2) Design: 

Please mark the circle that best describes your response. I like to imagine creating new 

products.  Results indicate increased interest in technology and engineering at all three sites. 

Interested in science, mathematics and design increased or decreased slightly at all three 

universities. Additionally, at MSU, very few participants reported using a 3D printer (21%) or 

developing a mobile app (0%) prior to the program. More students (59%) reported that they 

enjoyed imagining creating new products. 

Although all institutions utilized internal survey instruments customized to their MMM 

programs, another survey that has been administered to over 10,000 4th to 12th grade students can 

be used to provide a perspective on the MMM results. Interest in STEM careers reported on the 

Student Attitudes towards STEM survey ranges from 30% for careers in physics to 51% for 

careers in veterinary work32. The MMM participants reported a 66% - 94% increase in science 

and design classes at MSU and JSU. We hypothesize that increases in students’ interest in STEM 

related subjects and activities may be a precursor to increased interest in the pursuit of STEM 

careers.  Students at JSU reported increases in interest in furthering their education (see Table 7). 

This will be further examined through secondary analysis of Year 1 data and throughout Year 2 

of the project. Findings indicate promise in regard to extending this program to more minority 

youth across the country.  

 

 



Table 4: Interest in pursuing STEM classes 

 MSU NCAT 

 Pre-survey Post-survey Pre-survey Post-survey 

Interested in science classes 60% 78% 44% 40% 

Interested in technology classes 81% 87% 74% 75% 

Interested in engineering classes 53% 60% 59% 69% 

Interested in mathematics classes 60% 52% 55% 52% 

Interested in design classes 66% 78% 68% 63% 

 

Table 5: Interest in pursuing STEM careers 

 JSU 

 Pre-survey Post-survey 

Interest in a career in science  24% 56% 

Interest in a career in technology  55% 81% 

Interest in a career in engineering  38% 75% 

Interested in a career in mathematics  48% 63% 

Interested in a career in design  62% 94% 
 

Table 6: Initial assessment results of technology use and creativity 

 MSU 

 Pre-survey Post-survey 

3D printer usage 21% 75% 

Mobile app development 0% 88% 

Imagine creating new products 59% 75% 
 

Table 7: Initial assessment results of interest in furthering education 

 JSU 

 Pre-survey Post-survey 

Interest in attending a four year college 45% 73% 

Interest in attending community college  24% 60% 

Interest in graduating from high school 72% 87% 

Interest in going to high school  79% 93% 

Unsure of Plans 34% 33% 

 

Discussion 

The research question for this project is: To what extent does participation in the MMM Program 

increase students’ interest in STEM content, STEM careers, and college attendance? Preliminary 

data analysis shows increases in participants’ interest science and design courses and engineering 

careers. Ongoing efforts to collect and analyze academic year data and conduct multi-

institutional comparisons will address the project research questions in more depth. Focus groups 



with parents, teachers, mentors, administrators and students, that were conducted by SRI in the 

spring of 2016 revealed highlights and challenges of program activities that will be considered 

during planning for the 2016 Summer Programs. Examples of highlights include reports by 

students that they have benefited from the social interaction with like-minded peers while 

participating in the MMM project and that participation in the program helped improve the 

students’ self-confidence and sense of belonging. Challenges reported by parents include the 

need to improve communication about what students are doing and increasing access to hands on 

materials (such as raspberry pi). Working collaboratively, program administrators are meeting 

monthly to discuss ways to improve the program and promote success in achieving project goals. 

There is a plan to scale up the program to include eight additional minority serving institutions. 
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