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Abstract 

 Increasing student interest and performance in science, technology, engineering, and 

mathematics, or STEM, is a task which has posed many challenges in education. Barriers in 

STEM education are both structural and cultural. Stigma and negative cultural beliefs about 

STEM may subdue student interest and impact performance while lack of funds and materials 

limit the ways instructors can present lessons and teach students. Non-traditional instructional 

settings like after-school programs and camps may offer alternative opportunities to inspire 

interest in STEM and related careers. In this study, participants in two out of school programs 

were surveyed after completing a STEM related activity. Responses about interest in STEM 

subjects, careers, and beliefs about capabilities in these subjects were analyzed for both groups.  

Introduction 

Education is one topic which seems to consistently permeate news headlines and policy 

debates. One sector of education rising into the spotlight in recent years is science, technology, 

engineering, and mathematics (STEM) education. Much like other education headlines, reports 

on STEM education are often centered on current shortcomings in the United States.  

The United States once produced the world’s top scientists and engineers which helped to 

stimulate economic growth and advancement. In today’s society of continuously advancing 

technology, the need for adequate STEM education and qualified graduates in STEM field is 

critical. It is estimated that employment growth rate for STEM careers from 2010 to 2020 will be 

approximately 17 percent, higher than the rate for non-STEM career fields (Casey, 2012). 

However, this demand is not matched by current production of STEM graduates and aptitude. 

The percentage of students completing post-secondary degrees in STEM subjects has dropped to 

31 percent; this falls behind percentages in Japan (63 percent) and China (53 percent) (STEM 
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Advantage, 2010). These trends highlight the importance of finding new and effective ways to 

teach STEM subjects in early education.  

Barriers in STEM Education 

One barrier in STEM education is rooted in stigma and learned cultural perspectives. As 

Clements and Sarama (2016) have shown, children naturally develop foundations in science and 

math at a young age. This is evident in pretend play that often utilizes basic arithmetic and 

exploring patterns as well as the tendency of many young children to ask questions like why 

(Clements & Sarama, 2016). However, studies, including that of Clements and Sarama, have 

revealed that one major barrier in STEM education is the perception that success in science or 

math is dependent on natural or innate ability. This conception can deter children from studying 

STEM subjects-- even more so after facing difficulties in these subjects. Science and math are 

also commonly viewed as “difficult” or for “nerdy” students. Preconceived notions such as these 

impact students’ interest, engagement, and achievement.  

Similar mechanisms to those described above are at play behind the present gender gap in 

STEM fields. However, Nosek and Smyth (2011) have found that many perceptions of or bias 

about science and math are implicit rather than in one’s conscious awareness. These implicit 

thoughts and beliefs can affect an individual’s motivations and behaviors as strongly, although 

not as obviously, as explicit beliefs. Surprisingly, it is even possible for these implicit cognitions 

to contradict the explicit beliefs that individuals cite openly (Nosek & Smyth 2011). Societal 

portrayals of math and science as masculine are likely impacting students’ performance in and 

pursuance of STEM studies in deeper ways than may be thought.  

An additional factor in STEM education which presents difficulties is in producing 

knowledgeable and confident educators. This generation is not the first to fall behind in STEM 
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performance and past students have now become instructors. In order to engage and inspire 

students in STEM fields, teachers must be comfortable themselves with the content they are 

presenting. This waterfall effect highlights the importance of producing STEM competent 

students and professionals.  

 Similarly, some other barriers in STEM education are structural. Lack of standard 

curriculum leaves educators without clear foundation and direction for lessons. This is 

compounded by a lack of effective and meaningful assessment tools (Clements & Sarama, 2016). 

From a wider perspective, STEM education faces the same struggles that education as whole 

does in similar ways. Low administrative support and poor policy exasperate the difficulties 

faced by educators (Kier, Blanchard, & Albert, 2014). In STEM fields specifically, access to 

expensive equipment and supplies may be difficult to come by. Combined, the above structural 

and policy shortcomings contribute to the deficiencies in STEM education.  

Impact of After-School Programs 

However, new developments in after-school programs hold promise for improving the 

state of STEM education. After-school programs allow students to spend more time working 

with STEM subjects and provide a less rigid learning environment. Without the pressure of 

standardized testing or grades, it may be easier for students to engage in and explore STEM 

subjects and activities. Additionally, unconventional learning environments provide more 

freedom for instructors to present new topics and applications that are not typically part of 

standard school curriculums. A study published by the American Educational Research 

Association revealed that the strongest direct influences on choosing STEM majors for post-

secondary education are related to earlier educational experiences with these subjects (Wang, 

2013). Results such as these emphasize the possible value and long-lasting impact of afterschool 
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educational programs. Additionally, afterschool programs also have positive effects on other 

areas of learning and development resilience and self-esteem (Arizona Center for Afterschool 

Excellence). This thesis will focus on the impact of after-school STEM education on career 

interest in STEM subjects and careers.  

Methods 

 Participants of two out of school programs were surveyed on their experiences in the 

programs and their interests in science and science careers. Instructors administered paper 

surveys at the conclusion of the program. The surveys utilized were created by the National 4-H 

Council and previously tested for validity and reliability. Once surveys were completed, 

responses were entered into a Qualtrics software analysis program which was also used to 

complete the data analysis.  

Girl Scouts of Southern Arizona – 3D Printing Girls Lab 

 The first program surveyed was a 3D Printing lab and demonstration coordinated by the 

Girl Scouts of Southern Arizona. The program was approximately one and a half hours long and 

included a presentation and interactive activities. The participants were first able to see different 

models of 3D printers in action. The instructor then began the presentation by designing a Thin 

Mint cookie equipped with a logo and then printing it in front of the troop. Through the 

demonstration, the instructor taught the girls about the process, materials, and equipment that go 

into 3D printing. The participants also learned about what it is like to be an engineer. At the 

conclusion of the presentation, each girl in the lab was able to design and print her own cookie to 

keep at the conclusion of the workshop.  
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YMCA – Spring Break Camp 

 The second program surveyed was the school break camp at the YMCA. This program 

ran for five full days each including activities in categories called STEM, art, energetic, and fun. 

On the day of the survey, the participants completed an activity called Earth Quake Shake. The 

activity began with a presentation about civil engineers and the challenges they face and what 

causes earthquakes. Afterwards, participants were split into groups and given a variety of 

materials including straws, sticks, pipe cleaners and fasteners, tape, rubber bands, and index 

cards. Each group was tasked with creating a building that would be earthquake resistant. After 

the building had concluded, each building was placed on a table which was then shaken to 

simulate an earthquake and test the integrity of the creations.  

Data Analysis 

 Survey samples from each program were analyzed independently in order to allow for 

comparison of results. The Qualtrics system allows quick cross tabulation between specified 

survey questions and computation of chi-square test for association. However, the small sample 

sizes required the use of Fisher’s exact test for independence. The dependent variables of most 

interest were interest in learning more about science, interest in science related careers, and 

beliefs about capabilities related to science.  

 Our null hypothesis is that there is no association between the variables listed above and 

participation in the programs. Our alternative hypothesis it that participation in the program is 

associated with positive effects on the above variables.  

Results 

Interest in science and learning more about science 
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 There was evidence that both programs had a positive impact on student interest in 

STEM subjects. The majority of participants in the YMCA group agreed or strongly agreed with 

the statement “I would like to learn more about science” (81 percent) and all participants in the 

Girl Scouts survey group agreed or strongly agreed with this statement.  

 

Interest in science careers 

 Neither survey sample revealed a significant impact on interest in science careers. In fact, 

in the best case, only about half of participants in both programs agreed or strongly agreed with 

the statement “I would like to have a job related to science” (44 percent in the Girl Scouts groups 

and 51 percent in the YMCA program).  

 

Figure 1: 

Summary of 

results from 

Girl Scouts 

STEM lab 
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Belief about performance in STEM subject 

 In the YMCA group, about 82 percent of participants agreed or strongly agreed with the 

statement “I am good at science” while only about 55 percent of Girl Scouts participants agreed 

with this statement. There did appear to be a relationship between the time participants had been 

in the program and beliefs related to being good at science although it was not statistically 

significant. The majority of participants who had been a part of the program for two years and 

nearly all who had been participating for three years or longer agreed with the above statement 

while first-year participants showed greater variability in their responses.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 

Summary of 

results from 

YMCA School 

Break Camp 
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Discussion 

 Possibly the largest limitation of this study is lack of access to more programs and larger 

survey samples. Surveying more programs for comparison as well as having greater participation 

in each survey group could make results more conclusive and bring to light more patterns in the 

data. Differences between the two programs in terms of purpose, organization, and participant 

characteristics may also mean that direct comparison between the two is not the best form for 

analysis.  

 Although there were few significant results, there are interesting observations to be 

drawn about the similarities and differences between the two groups. The Girl Scouts program 

participants were all female while the YMCA camp had mostly (59 percent) males. However, no 

significant relationships were found between gender and responses to the items of interest. This 

is not in agreement with some of the gender stereotypes and social barriers to STEM education 

discussed previously. However, this lack of a systematic pattern based on gender, if accurate, 

paints a more positive image of the state of STEM education.  

 Another interesting difference between the programs was in hours participating weekly 

and years participating in the program. While the Girl Scouts program was a one time event, 

participants in the YMCA school break camp spent upwards of three hours in the program during 

the week. The majority of YMCA group was first-year participants. However, a good proportion, 

about 30 percent, had been participating in the program for three or more years. The largest 

percent of Girl Scouts group were also first-year participants. It appeared that the longer 

participants had been a part of the program, the more they believed that they could perform well 

in science. This suggests that consistent exposure to STEM activities could be an important and 
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significant aspect of effective STEM education. Since confidence in one’s abilities are closely 

tied to performance and interest, being able to raise students’ confidence in the science abilities 

could aide in improving educational success. Participating in interactive learning programs such 

as these regularly has the potential to begin addressing one of the major barriers in STEM 

education. It would be interesting to look into this aspect of the programs in future research.  

 One of the major characteristics of both programs was the interactive nature of the 

activities presented to students. In each case, students were able to learn about some aspect of 

STEM and then explore the subject further using the new knowledge to build or create projects. 

While there were few significant results, it appeared that these activities did increase interest in 

STEM. It is possible that the interactive nature of the activities makes STEM subjects more 

easily applicable and fun and for students. This is a method of instruction that also benefits 

STEM education systems.  

Conclusion  

 The focus of this study was to discover the impact of unconventional learning 

environments on student interest in STEM and STEM related careers and belief in their 

performance abilities in STEM. Although few significant results were found, both the YMCA 

school break camp and the Girl Scouts lab event created interest in STEM subjects in the 

majority of participants. There was not a large impact on interest in STEM careers. Most 

interestingly, participants responded with greater belief in their abilities related to STEM the 

longer that they had participating in the program. These results reveal potential areas for future 

research related to participation in programs such as these.  
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