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Promoting STEM Interest in Middle School Girls through Strategic 

Engagement with College Student Mentors 

Abstract 

Research on gender differences in career interests has found that by adolescence, girls are 

reported to be less interested in science and engineering than boys. The leaky pipeline is a 

popular simplified metaphor to describe the reasons for the observed gender disparity, slowly 

removing potential candidates from science, technology, engineering, and mathematics (STEM) 

as they age through the academic system.  Although numerous formal and informal programs 

have been developed to “plug” this leak with role models, what is not well understood is the 

potential role models’ effect on student’s STEM attitudes over time. To address this limitation, a 

long-term continuous mentoring and tutoring program was developed for a local middle school 

in Denver, Colorado in partnership with STEM focused college students at Colorado School of 

Mines. The goal of the program was to understand the influence of STEM centered activities and 

mentors on middle school girls’ self-identified STEM attitudes. The program included the 

revamping of a currently operating science club, one-on-one mentoring, science and math 

tutoring, and the development of mentor-protégé relationships that was observed to benefit not 

only the middle school students but also the college mentors. The program did not require the 

students to apply for any of the services and had access to a diverse group of primarily STEM 

female mentors. Over the two year period, students participating in the program and a control 

group of non-participants were surveyed using an amended S-STEM survey developed by the 

Friday Institute for Engineering Education at North Carolina State University. The general 

student body’s perceptions decreased over time towards STEM between 6th and 8th grade for 

both boys and girls; girls had lower STEM attitudes when compared to their male peers.  Girls 

who participated in the program over the course of at least two semesters saw an increase in their 

STEM attitudes while those who did not participate saw a decrease over the multiple semesters 

of surveys. Exposure to STEM through general enrichment opportunities did not show a 

measurable correlation with interest and participation in STEM.  Rather, the biggest indicator of 

STEM interest was access to STEM role models either at home or through access from the 

enrichment programs.  Findings from this work confirm the selection of role models involved in 

mentoring is vitally important when promoting STEM in education outreach programs.  

 

Introduction 

 

Women continue to be underrepresented in science, technology, engineering, and 

mathematics (STEM) fields despite decades of focused career promotion through formal and 

informal education [1]–[3]. In 2017, women accounted for 29% of science and engineering 

employment, representing 27% of the jobs in computer science and mathematics, 16% of the 

jobs in engineering, and 29% of the jobs in physical science [4]. Policymakers, educators, and 

researchers are especially interested in addressing gender equality in STEM [1], [5]–[7] because 

of the weakening ability of the United States to compete in the global economy [1], [8]–[12] as 

the demands for qualified professionals are unable to be met in the United States [1], [9], [13], 

[14]. 

 



 

 The leaky pipeline is a popular simplified metaphor used to describe the reasons for the 

observed gender disparity in STEM careers in literature with the “leak” being reported to begin 

in middle school [1], [9], [10], [12], [15]–[19]. This attrition is primarily due to stereotype threat 

[20], [21], poor educational structures [22], [23], and incompatible identities [1], [14]. Stereotype 

threat is defined as a “social psychological threat that arises when one participates in an activity 

that shares a negative stereotype” [21]. Poor educational structures in this paper are defined as 

the lack of resources of time, money, and qualified teaching professionals to developing effective 

STEM curriculum. Incompatibility of identities is defined as identities that are unable to be 

merged socially, such as STEM and female identities that hold contrasting social expectations, 

which can distance one from actively engaging in activities [1], [24]. 

 

The stereotype threat for young girls and STEM is especially important to address as 

stereotypes of STEM that have been perpetuated by the media such as being socially awkward, 

conventionally unattractive, and unskilled at relationships are perceived as being incompatible 

with the female gender role, further distancing the two identities from one another [20], [25]. 

Stereotype threat and incompatible identities share many similarities as they are both affected by 

media and culture, but they vary in how they can be addressed. Non-stereotypical role models 

are more successful in cultivating and inviting women into STEM as they challenge the 

preconceived stereotype [26]. In contrast, when role models do encompass some aspects of 

STEM stereotypes, even if the interaction was positive, women can be drawn away from the 

field due to stereotype threat [20]. The selection of role models is vitally important when 

promoting STEM to young girls, especially in education outreach programs.  

 

 A lack of programming and support from schools oftentimes leads to the inability of 

students to develop the necessary identities needed to be successful and persevere in STEM [1], 

[24]. Generally, schools lack sufficient programming which includes qualified teachers and 

funding for potential STEM candidates to develop STEM identities [23]. Middle school teachers 

tend to be insufficiently qualified and found to lack confidence in their abilities to teach STEM 

subjects [27]–[30]. In addition, schools lack the necessary resources for teachers to improve their 

own self efficacy. In an online survey conducted by Hammack and Ivey, elementary teachers 

were asked about their own perceptions of incorporating STEM into their classroom curriculum, 

to which many responded positively to the idea but felt they were unable to due to the lack of 

knowledge, training, and administrative support. Teachers instead have to rely on external 

training and support to get the resources they needed to develop STEM education lesson plans 

and to collect necessary technology [31]. STEM learning and identity development are therefore 

typically only able to be enhanced through programming opportunities such as after-school 

programs (i.e., dedicated clubs), contests and fairs, hands on design and build, and summer 

programs [30].  

 

Student identity has been shown to be an important factor when determining STEM 

participation post high school due to its role in shaping motivation, capability, and goals [18]. It 

is normal for students to participate in a number of different identities, negotiating between each 

community’s identity based on its values [1]. Archer et al.  attributes the incompatibility of 



 

STEM and gender identities based on cultural norms as a key barrier to girls participating or 

“performing” in STEM. For example, multiple studies have shown that girls who placed less 

value on their gender identity were able to form stronger attachments to their STEM identities 

[1], [21], [24]. The use of media, such as the typical representation of a scientist or an engineer 

as a male, has been seen as a barrier to the development of a STEM identity due to the 

incompatibility of a “male” profession to women. This has been combated at the National 

Institute for Women in Trades, Technology and Science (iWiTTS) CalWomenTech Project 

through the use of recruitment images showing women in these professions, resulting in 15% 

increase of female students recruited for the computer networking and information technology 

program at the City College of San Francisco which has been attributed to the change in 

marketing media [32].   

 

Numerous formal and informal education programs have been developed to increase 

girl’s interest in STEM through hand-on STEM focused activities, mentoring programs, and role 

models [9], [10], [39], [40], [11], [22], [33]–[38]. The current literature is well established on the 

positive impacts that such efforts have on girls’ STEM attitudes, as inferred by participation in 

follow on actions and involvement in STEM activities [42].   Susana Gonzalez-Perez et al. 

evaluated a role model intervention program where female volunteers who worked in STEM 

spoke to girls in school from ages 12 - 16 about their careers. Surveys were conducted before and 

after the sessions to evaluate the program’s effectiveness on enjoyment, expectations of success, 

and aspirations in STEM. On average, the intervention had a significant positive effect and even 

saw a reduction in gender stereotyping. Programs such as Bring Up Girls in Science (BUGS) 

have had marked success through mentoring and after school programming with hands-on 

laboratory work. Through longitudinal analysis of students involved in BUGS from middle 

school to college compared to control groups showed  higher positive perception of STEM [41].  

Unfortunately, most of these educational outreaches, specifically informal programs, are short-

term and require students to apply for the service which excludes those who have already leaked 

out of the pipeline with low attitudes on STEM. These hands-on programs and mentorships are 

not able to reach the students that are most at risk of leaving STEM due to external pressures.  

 

To address the limitations in informal outreach programs, a long-term, continuous 

mentoring and tutoring program was developed for a local middle school in Denver, Colorado in 

partnership with the Colorado School of Mines (Mines) STEM undergraduate and graduate 

students. The middle school involved is a STEM focused school that is part of Denver 

Independent School District (DISD) which utilizes open enrollment. This open enrollment is not 

based on the location of the students but is instead based on parents and guardian preferences, 

which are then compiled and finalized by the district. All schools in the district are involved in 

this process. The program included the revamping of a currently operating science club, one-on-

one mentoring, science and math tutoring, and the development of mentor-protégé relationships. 

The program did not require the students to apply for any of the services and provided students 

access to a diverse group of STEM mentors. The goal of the project was to understand if 

students’ recognition of STEM adults was proportional to their self-identified STEM attitudes in 

addition to understand student attitudes before and after the introduction of the program. This 

study is unique to the literature as it actively looks at students who are enrolled in a STEM 



 

curriculum that is typically characterized by having more hands-on activities to help connect 

students closer to STEM. This connection is vital to the development of a STEM identity which 

is highlighted above, but there still exists a disparity in STEM attitudes between boys and girls, 

even with the additional STEM connection. Through the mentorship intervention provided from 

the informal outreach program, STEM attitudes were seen to show improvements in the young 

girls involved.  

 

Methodology 

 

 A long-term informal education program was developed and implemented from spring of 

2016 to spring of 2018 at a middle school (6th – 8th grade) in the DISD with Mines. The middle 

school’s population consisted primarily of low-income, non-white students with 95.5% of 

students classified as non-white and 91% of students receiving free or reduced lunch1. The 

extracurricular program included the creation of a weekly science club and provided mentor 

support for an existing weekly math and science tutoring program hosted every Tuesday and 

Thursday.  Mentors were STEM college students from Mines who were primarily female. 

Mentors were solicited through an email database from the university’s Society of Women 

Engineers (SWE) organization. University students who were interested in the position were 

requested to submit a resume which was followed up by an interview.  Those selected for the 

program were paid a competitive rate to ensure that the students who were hired consistently 

participated throughout the length of the program. This was to ensure the mentors maintained 

their mentor-protégé relationship with the same students throughout the lifetime of the program. 

Training was provided to the mentors on the importance of mentorship and their role in this 

position. Additional training was provided by teachers regarding specific tutorials to be used for 

tutoring sessions. On average, 11 undergraduate college mentors participated each semester, with 

a 75% return rate of participate from one semester to the next (e.g., Spring 2016 to Fall 2017).  

Attrition was attributed to student graduation or time commitments.  

  

Math and science tutoring was held every Tuesday and Thursday for one hour. College 

mentors were trained to assist students with math and science homework questions and teach 

tutorial modules designed by the middle school teachers. Approximately 10 minutes was 

included in each tutoring session to allow for discussions on STEM careers, activities, and 

opportunities.  Science club was hosted after school in collaboration with middle school science 

teachers. The main focus of the science club was the design and execution of student science fair 

projects. College mentors were paired with students to help them with the development, design, 

and experimentation throughout the semester, resulting in finalized science fair projects for the 

Denver Metro Regional Science Fair.  Projects were selected based on the student’s interest. 

Teachers offered incentives for students to attend tutoring and the science club in the form of 

extra credit for their classes.  

 
1 Children can qualify for free or reduced lunch if their families earn at or below 130% of the federal poverty level 

or are between 130 – 185% of the federal poverty level [52].  



 

 

A student attitudes toward STEM (S-STEM) survey was used to evaluate the students’ 

attitudes and role model recognition. The survey was based on the “Upper Elementary School 

and Middle/High School Student Attitudes toward STEM” survey developed the Friday Institute 

for Educational Innovation at North Carolina State University [31]. This survey is a common 

tool utilized by similar programs to evaluate intervention programs that focus on improving 

students’ confidence and efficacy in STEM subjects [42]–[45]. The survey was shortened to 48 

questions to specifically focus on student recognition of role models through the student’s ability 

to recognize an adult working in these fields and their attitudes towards STEM. The survey was 

administered by the homeroom teachers during the homeroom period using a secure link to an 

online survey tool, SurveyMonkey.  Proper consent protocols were followed in accordance with 

institutional review board approval (COMIRB # 16-0963).  

The S-STEM survey used Likert questions to assess 21st century, science, engineering, 

and mathematics attitudes using a five-point scale. 21st-century skills are defined as the ability to 

think critically, communicate effectively, collaborate with others, and think outside of the box 

which are skills to be highlighted as being necessary in the future especially in STEM [46].  

The Likert questions were phrased as self-assessing for the students to the corresponding attitude 

like, “I am confident I can lead others to accomplish a goal”, “I am good at Math”, “Science will 

be important to me in my life’s work”, and “I am good at building and fixing things”.  The 

responses were “Strongly Disagree,” “Disagree,” “Neither agree nor disagree,” “Agree,” and 

“Strongly Agree.” A 1 – 5 point scale was assigned to each of the responses. For role model 

recognition in students, four additional questions were asked for students to determine if they 

knew a scientist, engineering, technologist, and/or mathematician. The options available were 

“Yes,” “No,” and “Not sure.” These values were also assigned numerical values for the analysis. 

This method allowed for students to self-recognize role models in STEM fields. 

  

A total of 1,100 surveys were collected over the two-year study period. Incomplete 

surveys, which were surveys that did not complete the Likert attitude and role model recognition 

questions, were removed from the analysis, leaving a total of 475 surveys to be analyzed further.  

A total of 400 students, some of whom completed the survey over multiple semesters, submitted 

completed surveys: 49% were female and 51% were male. Only 24% of students who submitted 

surveys participated in the program activities. 

A total of 37 surveys were collected from students who attended the program over multiple 

semesters which allowed us to perform a limited longitudinal trend analysis of the data. All 

students were not able to be tracked over the full two years due to the administration limitation 

of the survey, which meant only two consecutive semesters (e.g., Fall 2016 - Spring 2017) could 

be analyzed over time.  From the reoccurring sample, 60% of the students were female and only 

14% participated in the mentor-mentee, tutoring, and science fair program 

 

For hypothesis testing, the data was separated into specific groupings for mean 

comparisons. Independent t-test was used for groupings of all students and only girls based on 

extracurricular participation and attitudes. Chi-squared test was used for the groupings of 



 

students and young girls based on extracurricular participation, STEM role model recognition, 

and grade/future class expectations. Whitney U-test was also used for a similar grouping of chi-

squared. The level of significance was set to a value of α = 0.1 for all the tests.  

 

Results and Discussion  

 

The baseline S-STEM survey results confirmed the literature about the continued 

downward trend of attitudes that girls’ STEM attitudes follow without interventions. Boys had a 

mean composite STEM score (average of all four attitudes: 21st century, math, science, and 

engineering) of 3.78 (n = 204) while girls had a mean of 3.63 (n = 196), showing a difference of 

0.15. Figure 1 shows the composite attitudes of the four attitudes tested in the S-STEM survey. 

There are two interesting observations in this data set. First, math attitudes in Spring 2016 and 

Spring 2017 revealed that female attitudes are significantly elevated and slightly elevated (more 

positive) when compared to their male peers. The second observation is the similarities in 21st 

century attitudes for both male and female students. This attitude stays closely tied to one 

another as seen in Spring 2016, Fall 2016, and Spring 2018. This could be due to these skills 

more closely aligning to the female identity of being charismatic, communicative, and 

collaborative which overcomes two of the primary barriers of stereotype threat and incompatible 

identities [20], [25], [47]. 

 

The boy participants (n = 204) in the survey had continuously higher STEM attitudes 

than the girl participants. This observation confirms the current literature about boys STEM 

attitudes generally being more positive than their female peers. Middle school is also around the 

time where these attitudes begin to differ more dramatically with boys perceiving STEM more 

positively while girls perceive it more negatively [18]. This could be contributed to the lack of 

stereotype threat and incompatibility of identities with the more abundance of media with male 

STEM role models allowing for boys to develop these STEM identities [49]. Boys also typically 

obtain more attention in the classroom [35] and gain/perceive different levels of support from 

parents [50], [51]. 

 

 



 

 

Figure 1: The composite attitudes for each of the semesters that the survey and extracurricular 

program was in place at the middle school for the 400 surveys. The attitudes were averaged for 

all female and male students by assigning a 1 – 5 point scale to responses of “Strongly 

Disagree,” “Disagree,” “Neither agree nor disagree,” “Agree,” and “Strongly Agree,” 

respectively.  

 

In general, no statistical significance was found through hypothesis testing when 

comparing attitudes, role model recognition, and grade expectations in math and science courses. 

However, for girls who completed the survey over multiple semesters (n = 22), an observed 

difference could be seen.  Figure 2 shows girls that completed the survey over multiple semesters 

and participated in the extracurricular STEM activities saw an increase in their STEM attitudes 

when compared to girls who completed the survey over multiple semesters but did not 

participate. For example, from Fall 2016 to Spring 2017 an increase of 6.4% to 10.1%, 

respectively, was observed. Girls who did not participate in the extracurricular activities saw a 

decrease in attitude which varied from 1.2% to 5.5% decrease. This decrease in composite 

attitudes supports the general theory that middle school girls who go through school without 

extracurricular STEM support, such as mentoring or role models, “leak” out of the STEM 

pipeline. Another interesting observation is girls who did not participate in the extracurriculars 

had higher overall attitudes when compared to those who did participate in Fall 2016 but had 

lower overall attitudes in Spring 2017. This could potentially be attributed in some part to the 

negative stigma that is attached to tutoring programs which tend to target lower-performing 

students which is enforced by teachers requiring students who are struggling to attend to improve 

their grade [48]. Students who attend tutoring could view themselves as struggling in STEM and 

feel they are not “smart enough” due to the perpetuating stereotype that smart students do STEM 

which hinders the development of a STEM identity and reduces STEM attitudes [1].    
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Figure 2: The average STEM attitudes for recurring girls (n = 22) in Fall 2016 and Spring 2017 

shows that girls who are involved in the extracurricular activities see a general increase in their 

attitudes while girls who are not involved see a decrease in their attitudes.  

 

 Role model recognition was also reviewed for girls who completed the survey over 

multiple semesters from Fall 2016 to Spring 2017. Figure 3 shows the composite role model 

recognition, comparing girls who did and did not participate in the extracurricular program. Both 

showed increases in their recognition of STEM role models but those who participated in the 

program saw a 36.7% increase while those who did not participate saw a 17.5% increase. Girls 

that were active in the extracurricular program had increased recognition and increased attitudes 

while girls who were not active had some increase in recognition and decreased attitudes. This 

can be seen in Figure 2 and Figure 3. Research on role models, specifically for promotion of 

STEM, note that even with the introduction of role models, girl’s attitudes can decrease due to 

the role model’s close association with negative stereotypes such as being unskilled in 

relationships [20], [25]. This negative perspective by the student could be enhanced by the 

student’s own closeness to their female identity.  
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Figure 3: The composite role model recognition for reoccurring girls (n =22) from Fall 2016 to 

Spring 2017. Responses for role model recognition were originally categorized as “Yes,” “Not 

sure,” and “No”. These values were converted into a numerical array where 2 = Yes, 1 = Not 

sure, and 0 = No. Each student had these four values (scientist, technologist, engineer, and 

mathematician) averaged to create a composite value.  

 

 

 

Although the survey results suggest improvement in STEM attitudes and role model 

recognition for middle school students who participated in the interventions, the analysis of the 

overall results (n = 400) did not show statistical significance. This could be due to a number of 

factors. Direct observation of the students suggest that the survey was too long. On average, 

students took ten minutes to complete the survey, but some students required longer and were 

therefore unable to complete all of the questions due to time constraints in their homeroom 

session. Additionally, teachers were asked to take time out of their homeroom session to send out 

the link to the survey and wait for the students to complete the survey. Depending on the 

teachers’ curriculum, teachers varied in their ability to the administer the survey. This potentially 

could contribute to the low response rates in Fall 2017 resulting in limited ability to track student 

responses over multiple semesters. Therefore, recurring student responses were the most 

prevalent in the two semesters that had the most responses. To address this limitation in the 

future, a shorter survey is recommended with the use of a sign-in survey which would assign 

students a unique number for ease of tracking. 

 

 Spanish was selected as the preferred language of choice for 16% of the students at the 

middle school who completed the survey (n = 400). There is some concern that those who did 

not complete the survey did so because they did not fully understand the survey questions as they 
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were written only in English. Consent forms were provided in both English and Spanish, 

translation of the survey into Spanish and other commonly-used languages is recommended to 

reduce future misunderstanding and allow the participants to respond to the questions more 

easily. 

 

 The middle school utilized in this study is a STEM charter school whose students enroll 

through the district’s open enrollment process by the parents. Parents’ choice could introduce a 

positive bias into the STEM attitudes of the students. Interestingly, even though the school was 

directed towards STEM, young girls continued to underreport their STEM attitudes, have lower 

role model recognition, and lower grade expectations than their male peers. A comparison of a 

similar program being initiated at a non-STEM focused school with similar demographics should 

be conducted to determine if this potential bias could have a played a significant role in the 

students’ responses.  

 

Conclusions 

 

 A long-term continuous mentoring and tutoring program was developed for a local 

middle school in Denver, Colorado in partnership with STEM focused college students to 

address the attrition of women from STEM careers. The program also addressed limitations from 

similar studies by increasing the accessibility of the interventions to students who were leaked 

out or in the process of leaking out of the STEM pipeline. The program included the revamping 

of a currently operating science club, one-on-one mentoring, science and math tutoring, and the 

development of mentor-protégé relationships that was observed to benefit not only the middle 

school students but also the college mentors. The program was unique in that it offered free 

services without requiring the students to be accepted through an application process, increasing 

the accessibility of the resources to students, especially those who might have already been 

leaked out of the STEM pipeline. It also provided students access to a diverse group of primarily 

STEM female mentors to work with. 

 

To evaluate the effectiveness of the program, an amended S-STEM survey was 

administrated once a semester for a total of four semesters. The STEM attitudes and role model 

recognition of the students were evaluated using this survey. There was no statistical significance 

in the populations of participants in the program and the control group, but there was an 

observed difference in the female participants and the female control group. The observed results 

indicate that, even in a STEM-oriented middle school, girls continue to have lower STEM 

attitudes when compared to their male peers. Girls that participated in the STEM extracurricular 

program saw a positive increase in their STEM attitudes while those who did not saw a negative 

decrease over two semesters of surveys. Role model recognition saw a 36.7% increase for female 

participants while the control group decreased in recognition. The biggest indicator of increasing 

STEM interest was access to STEM role models either at home or through access from the 

enrichment programs.  Findings from this work confirm that the selection of role models 

involved in mentoring is vitally important when promoting STEM in education outreach 



 

programs. Additional research should be continued in this field focusing on long term monitoring 

of cohorts to evaluate the effectiveness of similar programs. 
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