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Abstract 

Gender inequalities continue into the 21st century and STEM was a major area of 

emphasis. Educators need to focus on female students to build their self-efficacy and critical 

thinking skills. The purpose of this study was to determine if problem-based learning (PBL) 

improves female elementary students’ self-efficacy and critical thinking skills. This case study 

based on Merriam examined how integrating PBL into the curriculum with STEM at the 

elementary level motivated female students towards selecting STEM careers while improving 

their self-efficacy and critical thinking skills. The PBL unit was developed to meet the NGSS 

Standards along with the Kansas Technology standards for students. The core idea of the unit 

was focused on shrinking our carbon footprint on the Earth with how humans and Earth interact 

together. A qualitative data analysis was conducted, and three themes were discussed during the 

findings stage. The analysis showed positive improvements for female students’ self-efficacy and 

critical thinking skills with problem-based learning infused with STEM. Butler’s feminist theory 

and Bandura’s self-efficacy theory were evident with female students as improvement was 

apparent during the PBL. 
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Preface 

Helping female students with their self-efficacy and critical thinking skills is what I 

believe in because I want them to be strong and believe that they can do anything! I believe their 

learning is our responsibility as teachers, but we must also believe that all students can learn. 
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Chapter 1 - Introduction 

How Does Problem-Based Learning Influence Rural, Parochial Female-Elementary 

Students’ STEM self-efficacy and critical thinking skills? 

 Gender inequalities continue into this century and are still evident in Science, 

Technology, Engineering, and Math (STEM) (Lockwood, 2020). Educators need to assist female 

students to become aware of their power to learn, to partake and be active in their learning, and 

to build efficacy so that they can succeed in STEM (Lockwood, 2020). The purpose of this study 

was to determine if problem-based learning influences Catholic rural female elementary 

students’ self-efficacy and critical thinking skills in STEM. The term STEM is defined as 

science, technology, engineering, and math. STEM was discussed in public terms during 

President Barack Obama’s state of the union address in 2011, and the president stated that 

administrators needed to train more teachers in STEM areas for the future (Obama, 2011).  

 Problem-based learning (PBL) is an excellent method to engage students and create 

interest in STEM (Misher, 2014), and utilizing PBL is an excellent motivator for female students 

in building self-efficacy and critical thinking skills. This case study examined how integrating 

PBL into the curriculum with STEM at the elementary level will influence female students’ self-

efficacy and critical thinking skills. 

What is STEM? 

Where does the term STEM come from? The National Science Foundation (NSF), termed 

the phrase STEM so students’ critical-thinking skills could be enhanced (Sanders, 2009). The 

Industrial Revolution is where society saw the beginning of STEM as many innovations were 

created during this time, but not until the Morrill Land-Grant Act of 1862 did, society see 

education begin to embrace engineering. The Morrill Act (1862) required any state university 
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that was granted land to create engineering degrees, because the government felt there was a 

need for inventors to be educated (White, 2014). Thomas Edison and Henry Ford utilized STEM 

aspects in their inventions, but they never attended college (Beals, 2012).  

During World War II, the government utilized those educated inventors to assist them in 

the war effort (White, 2014). These brilliant individuals then collaborated and discovered that the 

military could use rubber for their vehicle tires, and a larger group of minds, including some 

from different countries, developed the atomic bomb (White, 2014). Together these individuals 

worked to assist the military in winning the war and helped to prove the need for STEM 

education (Judy, 2011). 

History of STEM 

STEM educational initiatives have become more prominent in the last 50 years, with 

science and technology having roles in international economics, power, and politics. For 

example, Sputnik was the beginning of the race to the moon between the United States (US) and 

the Soviet Union (USSR), which brought about the creation of the National Aeronautics and 

Space Administration (NASA), whose mission was to increase US space presence and utilize 

science and engineering to develop a space program (Dick, 2008). NASA has been a pioneer in 

many areas of technology and space throughout the years, but they have also developed STEM 

education initiatives for students with funding available through grants from NASA (NASA, 

2012). NASA continues their efforts to improve STEM education today with improvements in 

teacher education and STEM initiatives for students. 

Definition 

  STEM. STEM refers to the physical, biological, and agricultural sciences;  

  computer and information sciences; engineering and engineering technologies;  
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  and mathematics. The social and behavioral sciences, such as psychology and  

  economics, are not included, nor are health workers, such as doctors and nurses.  

  College and university STEM faculty are included, when possible, but high  

  school teachers in STEM subjects are not. While all of these workers are part of  

  the larger scientific and engineering workforce, their exclusion is based on the  

  availability of data. (Hill, et al. 2010, p. 2) 

Major Shifts Influencing STEM Education 

The first conceptual shift in STEM education was in 1862 when land grant universities 

were created and were required to include engineering degrees for future generations. Beals 

(2012) discussed previously, that inventors had been on their own with no formal education, for 

instance, Henry Ford, Thomas Edison, and Nicolai Tesla, and it had become clear to educators 

that formal instruction in engineering were needed. The belief was that if engineering was 

offered in the universities, then more inventors could receive education and support in research 

and design, and the benefit to the United States would be astronomical (Beals, 2012). The 

Morrill Act (1862) brought into being the concept of STEM education, and once universities 

implemented these new requirements, students were brought into the workforce with engineering 

degrees. Once these students entered the workforce, they then started to implement, design, and 

create new innovations that assisted the United States in growing into the future and thriving 

through the industrial revolution and beyond (Beals, 2012).  

The next conceptual shift in STEM education occurred during World War II, the United 

States benefited greatly from inventors who helped in winning the war. The inventors also 

created and had many other ideas that were documented, and the NSF was created after the war 

to preserve all this information (Mervis, 2010). The government was making strides at creating 
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STEM education initiatives before STEM was discussed, and the education benefits of The 

Morrill Act (1862) were starting to become apparent. The inventions created during World War 

II, when American innovations were abundant, was often due to the creation of engineering 

degrees and STEM education in universities (Beals, 2012). Students were given the proper 

instruction in engineering and design, and they were able to assist in the workforce upon 

graduation. These individuals developed major innovations for the US, and they proved how 

much their degrees supported their endeavors (Judy, 2011). The government was certainly 

grateful for all they did for the country at a major time of need for innovations (Judy, 2011). The 

innovations were abundant in weaponry, transportation vehicles for our soldiers, and other 

products that helped in winning the war. 

The third conceptual shift in STEM education occurred during the late 1950s and early 

1960s when President John F. Kennedy announced that NASA would send the first man to the 

moon (Garber & Lanius, 2005). Our technology began to grow very quickly at this juncture in 

time, and society improved our technical knowledge as well. The United States was competing 

with the USSR to be first to the moon. Sputnik had initiated the space race signifying the Soviets 

were the first to put a satellite in orbit (Garber & Lanius, 2005). The race was then on to see who 

could put the first man on the moon. As the US raced towards this accomplishment, there were 

more ideas and inventions created along the way, all leading to more robust STEM education 

degrees along the way (Garber & Lanius, 2005). President Kennedy had begun the race towards 

STEM education by challenging NASA to be the first to the moon (Garber & Lanius, 2005). The 

number of inventions that came from the United States increased dramatically during the space 

race, and the United States still utilizes a great number of those innovations today (Kelly et al. 

2012). 
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In 2001 another conceptual shift occurred when STEM education was created with 

problem-based learning for the curriculum in primary, middle, and high schools by the National 

Science Foundation (Mazuzan, 1994). The term STEM was created during this time, and 

educators started to learn what STEM included (Mazuzan, 1994). The NSF began using the term 

STEM in the beginning of 2000, and during President Obama’s 2011 State of the Union Address, 

STEM was brought into the national spotlight (Obama, 2011).    

While STEM education had been becoming a larger part of the school curriculum, 

President Obama was a major catalyst in wanting to have STEM included in the curriculum 

(Department of Education, 2016). He understood the need for STEM education to create more 

employable individuals in STEM careers down the road. Educators and congress were 

challenged to bring more STEM into the classroom and to find funding for STEM (Obama, 

2011). Grants and scholarships were created to assist with funding, and many agencies and 

companies like, NASA, began initiatives to educate the next generation in STEM education 

(Garber & Lanius, 2005). The need to pay for the STEM initiative was a major priority, and 

everyone was coming up with new ideas on how to motivate the current generation towards 

STEM (Kelly et al., 2012). An even bigger concern was that there were a lack of females 

pursuing STEM degrees/careers. President Obama brought STEM into educational standards, 

focusing on bringing educators on board with instruction. He wanted students to be involved in 

STEM at all ages, because the thought was the more students are involved in STEM the more, 

they will come to enjoy it (Obama, 2011). 

Finally, in 2018 President Donald Trump allocated money for STEM education and 

brought together a Presidential Commission on STEM education (Committee on STEM 

Education, 2018). A national report was created to assist educators moving forward to improve 
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STEM education (Committee on STEM Education, 2018). Today educators have many different 

ideas on how to incorporate STEM into education from in the classroom, to maker spaces, and 

implementing full STEM based schools (Department of Education, 2016). Some of our current 

students will be the first astronauts to go to Mars, and STEM curriculum will be a foundation to 

their success (Garber & Lanius, 2005)!  STEM continues to evolve throughout education, and it 

is seen differently through each educators’ eyes. Educators need to focus on building female 

students’ self-efficacy and critical thinking skills in STEM. The lack of females in STEM 

continues to grow, and as educators, we need to discover the factors that will influence female 

students toward STEM (Hill, et al. 2010). Female and male titles were utilized during this study 

as biological identifiers for the subjects studied, and the study was not completed to expand on 

societal gender issues.  

Problem:  Why are Females Underrepresented in STEM 

 Three major factors influence why females are underrepresented in STEM:  masculine 

cultures which keep females away; lack of experience in computer science, engineering, and 

physics during females’ early years of schooling; and low self-efficacy for female students 

(Cheryan et al., 2017). Cheryan et al. (2017) found that more research was needed in the areas of 

STEM enjoyment and STEM anxiety regarding gender participation within STEM, and they 

pointed out that early involvement with STEM could motivate female students. As a nation we 

need to understand why female students do not pursue STEM degrees or careers (Cheryan, et al., 

2017). Female students do understand STEM because they are able to problem-solve STEM 

lessons in schools (Hill, et al. 2010), but with STEM lessons educators can help female students 

gain self-efficacy, build critical thinking skills, and overcome any fears of science and math they 

may have (Kelly et al. 2012). Cheryan et. al. (2017) pointed out that more early involvement 
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with STEM could be of assistance in motivating female students towards STEM, which is a 

viable theory for including problem-based learning (PBL) with STEM to give students the 

experience in the field. For this study, there is a possibility that educators can motivate female 

students with problem-based learning and build females’ self-efficacy and critical thinking skills 

towards STEM. 

 Definition  

   Problem-Based Learning. An active learning technique that utilizes problems  

  embedded in realistic situations. Problems may be drawn from real situations,  

  which allows the students to develop connections, generate and/or invent   

  solutions to the problems. (Mastascusa, et al., 2011, pp. 123-124). 

Technology  

Critical thinking skills were what educators were asked to build in students as the STEM 

initiative was instituted (Committee on STEM Education, 2018). Now, technology education has 

begun another shift toward integrating STEM education (Sanders, 2009), and an emphasis on 

engineering is also being asked for by the business world. As educators learn more about STEM, 

we need to understand that technology is not just computers, but technology includes many other 

areas: bio and medical, construction, engineering, electronics, manufacturing, and energy and 

power (White, 2014). There are many areas in technology that educators can assist students in 

learning and discovering about, and in some cases, it can be the beginning of a career pursuit 

(Hart, 2018). 

There is now a need for clarification between technology education and educational 

technology (White, 2014). Technology education utilizes problem-based learning where students 

work with math, science, engineering and technology principles, and educational technology is 
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where educators use technology to teach students (White, 2014). Universities are changing their 

labels in engineering to include engineering and technology education to clarify and make the 

shift away from educational technology (White, 2014). In STEM, educators need to continue to 

explore and motivate students towards these subjects (Hart, 2018).  

President Obama expressed to all educators that STEM needed to be taught to all age 

groups (Obama, 2011). Educators became motivated and have integrated STEM into their 

lessons, but in some cases, STEM is not being utilized (Hart, 2018). Educational standards need 

to include STEM, so that teachers come on board as well. Administrators need to bring in 

professional development for educators on how to motivate female students, engage female 

students on their level, and to adapt STEM programs to female students.  

The focus had been on STEM, but not until 2018 when President Trump supported 

initiatives with funding, did the shift by administrators asking for a larger focus towards STEM 

occur (Committee on STEM Education, 2018). STEM can be expensive and so educators began 

to pass on STEM because of the money factor, but there are cost effective ways through grants 

and bringing in community members to assist schools so the costs can be cut (Committee on 

STEM Education, 2018).  

Females’ decision-making process can be influenced towards STEM careers, and they 

need the support of their teachers, parents, family, friends, and their community to assist in this 

process. Public Service Ads (PSAs) have been circulating recently, and they show females in 

STEM careers, for instance video game designers, astronauts, pilots, and scientists, talking to 

young girls about STEM careers. Society needs to continue to show support to our younger 

female generations to motivate them through all areas of their lives. As a nation, we need to fill 
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many open STEM positions and finding those factors that influence female students ages 12 to 

18 to pursue STEM will address this need. 

 

 

Reflections and Implications 

The farther society goes into the future the more the United States is going to need 

innovators to create new ideas for our country and our world (Hart, 2018). Educators need to 

ensure that students are getting STEM education if not to just create better critical thinkers but to 

also develop the next generation of inventors (Committee on STEM Education, 2018). Society 

continues to move forward, but if the United States does not have people in the job market who 

can assist in new developments, our country will not continue to improve (Hill, et al. 2011).   

Females are as competent as males at creating new ideas, and females have come up with 

some of the best concepts to improve our technology for instance:  rocket fuel, bullet-proof fiber, 

space rocket propulsion system, space station batteries, laser cataract surgery, and stem cell 

isolation (Hill, et al. 2011). If society loses the ideas of part of a generation, we are losing out on 

a wealth of information. Educators must continue to pursue all avenues moving forward to 

ensure STEM is taught in our schools, and how to guarantee females’ self-efficacy and critical 

thinking skills by improving them through PBL infused with STEM. A key perception for female 

students is there is a stereotype that only males are mathematicians and scientists, which needs to 

be eliminated moving forward (Judy, 2011). Utilizing PBL in early education should be a 

significant approach in generating future female leaders in STEM careers.   

A big concern is the efficacy of educators, because they must believe that all students can 

learn (Misher, 2014). They must be supportive so that female students get the same motivators 
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that male students receive, with motivators being “you can do this” or “you are smart.” If 

females are not believed to be able to learn, then they will pass on science and math skills (Hart, 

2018). It must be a group effort to safeguard future innovators, leaders, and educators. 

 

Purpose Statement and Research Questions 

 Studies are still needed on a range of topics dealing with STEM education, and the U.S.  

Department of Education (2016) stated that:  

  STEM 2026 envisions high-quality, culturally relevant STEM learning   

  experiences for every child and young person. In STEM 2026, students have  

  access to and possess a sense of belonging in STEM and lifelong learning   

  pathways that extend across formal and informal Pre-K–12 and higher education  

  settings, including schools, science centers, and other STEM-rich institutions.  

  STEM 2026 includes six interconnected components: 

• Engaged and networked communities of practice 

• Accessible learning activities that invite intentional play and risk 

• Educational experiences that include interdisciplinary approaches to 

 solving “grand challenges” 

• Flexible and inclusive learning spaces 

• Innovative and accessible measures of learning 

• Societal and cultural images and environments that promote diversity and 

 opportunity in STEM (p. 6) 

 STEM education, comprising these six core principles, holds promise to powerfully 

transform all students’ access to and engagement in STEM (Department of Education, 2016). 
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To assist in these recommendations, studies of female students’ self-efficacy and critical thinking 

skills are needed, and this study was conducted to see if problem-based learning infused with 

STEM will influence female elementary students’ self-efficacy and improve their critical 

thinking skills. 

Research Question 

The study focused on surveys, interviews, and observations to determine female 

elementary students’ self-efficacy and critical thinking skills, and if problem-based learning 

infused with STEM influenced them. Based on the review of literature, this study sought to 

answer the question, how does problem-based learning influence rural parochial-elementary 

female students’ self-efficacy and critical thinking skills?  

Sub Questions 

 How do female students perceive themselves in the classroom? 

 What aspects of problem-based learning influence females’ critical thinking skills? 
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Chapter 2 - Literature Review 

Science, technology, engineering, and math (STEM) are part of a national crisis for 

businesses, and the job market is unable to fill the current need for STEM fields (Xue & Larson, 

2015). Education has implemented STEM into the curriculum, but STEM needs to begin at the 

elementary school level to attain desires from female students for careers in STEM. If females 

are made aware of their abilities in STEM, educators assist in improving their self-efficacy 

(Lockwood, 2020). Many conclusions have been made through research on the lack of interest in 

STEM careers, however, a lack of research on problem-based learning (PBL) and how it 

influences female students towards STEM careers and the affect STEM has on female students’ 

self-efficacy and critical thinking skills was discovered when reviewing the literature. This study 

will be conducted to determine those factors. 

Why is STEM important? 

As humanity continues into the 21st century, schools continue to focus on teaching and 

integrating STEM lessons into the curriculum in hopes of students selecting STEM careers in 

their futures (Tate, 2020). Yet, policy makers and scholars are concerned that a small STEM 

labor pool will not meet the demands of job growth currently (Mau & Li, 2018), and even more 

significant to the issue is that “women are less likely than men to pursue degrees in STEM” 

(Bishop, 2016, p. 2). President Obama started an initiative for STEM education during his 

presidency, and in June 2017, President Trump signed a presidential memorandum directing the 

Department of Education to make STEM and computer science education a top priority 

(Committee of STEM Education, 2018). President Trump has also signed legislation, the Inspire 

Women Act (2017), to urge NASA to involve women more in STEM, and the President has 

requested the National  
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Science Foundation to engage women more in inventing (U.S. Department of Education, 2016).  

Research has been completed on the need for STEM, but Bishop (2016) asserted the need for 

studies on the factors that influence female students towards STEM careers. By utilizing 

problem-based learning, the possibility exists to encourage and foster more females into the 

STEM pipeline, and “to ensure the long-term prosperity of our Nation, we must renew our 

collective commitment to excellence in education and the development of scientific talent” 

(National Science Board, 2010, p.1).  Bishop (2016) and Lockwood (2020) also recommended 

research should be completed on our current programs in primary and secondary schools to see if 

students are being influenced towards STEM careers by educators through problem-based 

learning. 

Finally, in 2018 President Donald Trump allocated money for STEM education and 

brought together a Presidential Commission on STEM education (Committee on STEM 

Education, 2018). A national report was created to assist educators moving forward in how to 

improve STEM education (President’s Council of Advisors on Science and Technology, 2012). 

Today education has many different ideas on how to incorporate STEM into education from in 

the classroom, to maker spaces, to problem-based learning, and implementing full STEM based 

schools. Some of our current students will be the first astronauts to go to Mars, so humanity must 

plan for their futures with STEM curriculum (Garber & Lanius, 2005)! 

STEM Integration 

 Research shows that STEM integration in elementary years is beneficial because students 

begin making choices about careers during early adolescence (Auger, Blackhurst, & Wahl, 

2005), and this could assist in determining if female students’ early exposure to STEM, would 

influence their career goals and their self-efficacy (Tate, 2020). Cheryan et al. (2017) also found 
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that early involvement with problem-based learning infused with STEM motivated female 

students to pursue STEM careers. Honey et al. (2014) discovered that “integrated STEM 

programs can support development and maintenance of interest in STEM" (p. 67) especially if 

STEM programs begin during the primary years. Integrating STEM lessons into the curriculum 

is also beneficial to females because they learn better with hands-on activities and can build 

critical thinking skills (Kulturel-Konak et al., 2011). Kulturel-Konak et al. also proposed that 

utilizing real-life examples (problem-based learning) and working towards summer internships 

for women could be beneficial for females in selecting STEM careers and building their self-

efficacy. Educators will need to understand that they influence their students, and the potential 

harm of stereotypical beliefs to their students (LeGrand, 2013). Female students will perceive 

their role-models, for instance, teachers, counselors, and parents as being very influential in their 

decision-making process about their careers (LeGrand, 2013). If STEM lessons can focus on 

developing students’ self-efficacy, educators can motivate their students towards STEM careers 

and build their critical thinking skills (LeGrand, 2013). 

Problem-Based Learning as a Factor 

 Many factors have been linked through research that motivates students to select STEM 

careers: social identities, self-efficacy in math and science, familial background, gender, race, 

school engagement, and personal/psychological norms (Mau & Li, 2018), and research should 

focus on the factors that influence females towards their career decisions prior to postsecondary 

education. Recently, Schuster and Martiny (2017) discovered women do not aspire towards 

STEM careers because of gender stereotypes, and Cheryan et al. (2017) also stated that low self-

efficacy also contributes to the female gender gap in STEM. A need for support from counselors 

in high schools is desirable because Mau & Li (2018) believed females have barriers to 
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overcome before selecting a STEM career based upon a lack of confidence, to discrimination, 

and stereotypes. Bishop (2016, p.2) stated, “A specific need is to increase the number of women 

interested in pursuing STEM careers. The participation and persistence of women in STEM-

related fields is a national concern.” Female students are making decisions on STEM careers 

prior to entering high school, and they are also academic achievers with high math scores 

(Bishop, 2016). If females’ interests in STEM are piqued in primary and middle school, they are 

more likely to pursue STEM careers (Sadler et al., 2012). Cheryan et al. (2017) found that there 

was a lack of experience for female students in computer science, engineering, and physics in 

their early schooling. Educators should focus on females in elementary grades to motivate them 

towards STEM, and Tate (2020) found that teachers believed integrating STEM career-related 

lessons was important in elementary and middle school. Once the stereotypes are shattered, more 

females will pursue STEM careers, and Hart (2018) further discovered that female students were 

more engaged in PBL lessons during self-discovery and improved their self-efficacy. By 

utilizing problem-based learning (PBL), teachers can be the driving force towards female 

students enjoying STEM and moving toward STEM careers, and they can assist female students 

in developing a growth mindset towards science and math that will keep them learning (Hill et 

al., 2010).     

 Educators utilize PBL to ensure students have real-world experiences and to develop their 

critical thinking skills (Hmelo-Silver, 2004). The implementation of PBL in the classroom has 

taken on several different plans from Hmelo-Silver (2004) with a three-step process of 

identifying the problem, self-guided investigation, and reporting; while Gallagher et al. (1995) 

have a five-step process of problem presentation, analysis of the problem, self-regulated 

learning, data organization, and solution presentation. Finally, Delisle (1997) suggests a seven-
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step process with creating a proper environment, connecting with the problem, creating a 

structure, reviewing the problem, revisiting the problem, product creation, and evaluation 

(Rehmat, 2015). There are many different ideas on implementation, however, the guidance from 

the facilitator is crucial for PBL to be successful (Rehmat, 2015), especially in promoting STEM 

careers. Therefore, many educators will need professional development prior to implementing 

PBL in their classrooms (Koretsky & Hirshfield, 2017) to be effective facilitators. 

Teacher’s Role 

 As the classroom has evolved, so has the diversity of student populations and educators 

must be able to facilitate PBL and STEM lessons to culturally diverse students (Rehmat, 2015). 

Instructors need to be aware of the influence they possess over students, and how they could 

impact a students’ decision-making about their career selections or how they are a role-model for 

students (LeGrand, 2013). By engaging the students and adopting PBL into their teaching 

repertoire, teachers will be able to motivate students through the learning process  

(Rehmat, 2015) and develop a higher level of critical thinking. Educators will need to integrate 

strategies where students will question, examine, engage, explore, and develop their own insights 

to real world problems in problem-based learning (Rehmat, 2015). 

PBL influence in K-12 

 Elementary students are now being included in STEM lessons, and they are appreciating 

the knowledge (Rehmat, 2015). A quantitative study evaluated PBL and traditional instruction 

and discovered that 47% of 126 students in PBL classrooms improved their self-efficacy through 

the control of their learning beliefs (Rehmat, 2015). Further the study showed that 43% of 126 

students also scored higher in reasoning scores, who were in PBL classrooms in comparison to 

students in traditional classrooms (Araz & Sungur, 2007).   
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 Forrester (2004) listed the characteristics of PBL that increase their engagement and 

achievement, which included student independence, discourse, and active involvement that assist 

them in performing at a higher level. Liu, et. al. (2006) determined that middle-school students’ 

self-efficacy towards science with technology was a predictor of higher achievement. Another 

study discovered utilizing PBL, infused with technology, increased students’ science 

accomplishments and their self-efficacy towards learning science (Rehmat, 2015). While 

Simons, Klein, and Brush (2004) determined that effective PBL instruction with sixth graders 

increased their academic achievement and created a positive outcome for the students. Azer 

(2009), discovered that fifth, sixth, and seventh graders PBL knowledge was determined by 

students’ gender, age, and first language. Overall, PBL was found to be an effective way to 

engage students (Rehmat, 2015).   

 PBL is an approach that uses group-investigation, collaborative learning, and the use of 

the internet for research and learning information regarding the presented problem (Shepherd, 

1998). Students work in collaborative groups to work through a real-world problem, analyze the 

data, and brainstorm ideas to solve the problem. When utilizing PBL, instructors must create 

challenging activities that motivate students to use their cognitive critical thinking skills. The 

process is a way to motivate the learner to want to learn more and to determine a solution to the 

problem (Shepherd, 1998). By using problem-based learning an environment is created that 

students’ self-directed learning promotes deeper understanding and develops skills for the 

workforce in the future. It becomes the role of the instructor to create a stronger understanding of 

STEM through PBL instruction (Farland-Smith & Tiarani, 2016). As educators, determining 

whether PBL can influence female students’ choices towards STEM careers is a key factor we 

must continue to discuss. 
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 Problem-based learning has been utilized globally for all academic levels to improve 

knowledge base with students (Rehmat, 2015). PBL has been proven to increase higher order 

thinking skills in students and expand reasoning as well (Rehmat, 2015). Researchers now need 

to examine if utilizing PBL can motivate female students towards selecting STEM career fields, 

to improve their self-efficacy, and develop their critical thinking skills. 

Gaps in Research 

 Gaps in research exist in several areas of STEM education, including female students’ 

involvement in STEM after high school, STEM for high school students, high school students 

STEM career interest, and elementary and middle school student participation in STEM (Bishop, 

2016, p. 35). Maltese and Cooper (2017) stated that more research was needed on what specific 

experiences trigger STEM interest in female students. Mau and Li (2018) proposed as a research 

method using a multi-tiered method that not only included surveys but also utilizes observation 

and interviews with focus groups, which would examine problem-based learning with STEM and 

its influence on elementary female students. 

Women involved in STEM careers 

 As women have improved the number of undergraduate degrees they hold versus men, 

they are still behind substantially in STEM degrees.   

  Advanced Placement (AP) exam participation rates reveal stark divides among  

  and across states. For example, girls represented just 22 percent of the   

  approximately 50,000 high school students nationally who took the Computer  

  Science AP exam in 2015 (U.S. Department of Education, 2016, p. 27).  

Educators should focus on “increasing the interest and confidence of girls and women to pursue 

and succeed in STEM programs and careers” (U.S. Department of Education, 2016, p.30). The 
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accomplishments of females in math and science are influenced by the factors around them, and 

with the correct motivations from parents and teachers, we can influence female students towards 

STEM careers. A recommendation would be to have “STEM education programs in elementary 

schools and middle schools in order to increase the number of females interested in STEM 

careers” (Bishop, 2016, p. 29), and a great way to implement those STEM programs would be 

with problem-based learning.  

Theoretical Framework 

 The role of females has been socialized through the community in which they live, so that 

females’ behaviors were labeled by society (Butler, 1988). Women do not establish their roles 

because society does this for them which in turn squanders their equity in life, equal pay, 

workload, and recognition at work and with family (Butler, 1988). Butler’s feminist theory was 

how ‘women’ are labeled, but then the question could become what it means to be a woman 

(Butler, 1988). Women have been branded in social categories and culturally conditioned, but 

there was no separation from being oppressed (Butler, 1988). Butler (1988) continues by asking 

the question why label male or female, we should all be humans and all equal.  

 As female students are growing in their identities, their self-efficacy can be influenced by 

societal norms. By identifying gender roles, society places females into roles which they may not 

be willing to act (Butler, 1988), and society needs to allow female students to select their own 

roles in society to better perform at their capabilities. Bem (1981) explained that females can feel 

marginalized by society, and religion may also affect student attitudes when viewing STEM 

subjects (Michael, 2016).   

 If female students believe they are lacking in knowledge of STEM fields, they can 

develop a low self-efficacy towards STEM. Students failing at a task build low self-efficacy, and 
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educators must contribute to the learning process to build up a students’ self-efficacy. Students’ 

attitudes can be affected by many factors from school, subjects, and their own personal feelings 

on how they will perform (Michael, 2016). Students can also struggle with refocusing on a 

STEM subject once they have failed, but students who are inspired by the subject area are more 

likely to continue in STEM (Michael, 2016). Bandura (1998) stated that students with self-

efficacy will confront a problem with a different method than a student with low self-efficacy, 

and the difference being students with stronger self-efficacy accept the challenge to solve the 

problem. Studies have indicated female students with higher math and science self-efficacy will 

achieve better than students with lower self-efficacy (Bandura, 1998). LeGrand (2013) found that 

high school males retained a greater level of self-efficacy than females in physics, but that their 

self-efficacy was equal in math and chemistry subjects. Female students can be influenced by 

teachers and parents toward certain subjects, but when females were surveyed, they conveyed 

more self-efficacy towards life sciences (Baker & Leary, 1995). Female students seem to identify 

more with biological sciences and maintain a higher self-efficacy towards biology (Baker & 

Leary, 1995). Female students possibly identified more with life sciences because they can help 

people (Jones et al., 2000). The issue though is that female students who maintain low scores in 

math and science maintain low self-efficacy and will avoid any challenging tasks that they 

perceived as being too difficult (Hare, 2017). The National Science Foundation’s (2010) research 

indicated female students were not as interested in STEM as male students. Michael (2016) also 

reported that female students lacked an interest in being a scientist because they did not see any 

relationships being formed. It had been shown that female students lost interest in STEM fields 

because of low science and math self-efficacy (Hare, 2017). All three of these studies from the 

National Science Foundation (2010), Michael (2016), and Hare (2017) discussed the fact that 
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female students either lost interest in STEM fields or did not feel a connection or relationship, 

and female students needed to have a personal attachment or connection to the field. Therefore, 

so many females moved towards life sciences because they wanted or needed to assist people 

(Jones et al, 2000).  

 The art of mastering a skill was needed in PBL with STEM infused lessons, and by 

engaging female students, educators could build the confidence levels of their students and 

increased their self-efficacy (Jenson et al., 2011).  By engaging in mastery skills, students would 

collaborate with each other, an important element of STEM, learn from each other, and lessen 

the fear of failing (Jenson et al., 2011). Another key to improving female students’ self-efficacy 

would be to include female role models from STEM fields, so students can observe others 

succeeding in the field (Hare, 2017).   

 Lent et al. (1994, 2000) explained that a person’s interest will be piqued when they have 

experienced that indicates how they can be successful and have a positive outcome. Thus, self-

efficacy and a person’s expectations may influence their decision making towards selecting a 

career (Lent et al., 1994). Butler (1988) stated that by working with social performances, gender 

reality can be achieved, and leaving gender behind to only see human beings would be the reality 

for the future. When promoting confident attitudes towards STEM, educators can foster 

enjoyment for STEM subjects and increase students’ self-efficacy through motivation (Michael, 

2016). By utilizing self-efficacy and feminist views, these theories may link a perspective as to 

how female students build their self-efficacy and improve their critical thinking skills.  
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Chapter 3 - Methodology 

The study focused on how problem-based learning influenced female elementary 

students’ self-efficacy and critical thinking skills in STEM. The students were all from the same 

parochial school located in rural Kansas. The researcher was also a teacher in this school and 

community, and the researcher had most of the students in class previously. The teacher had 

established rapport with students over an eight-year career at the school. As a result of the 

standing credibility and trustworthiness that existed between the researcher and students, all 

students were ready and willing to assist the researcher in all parts of the study. A qualitative 

case study approach was conducted utilizing Merriam’s case study approach (Yazan, 2015). 

Participants and Setting 

This study targeted female elementary students in fifth grade and took place in the 

researcher’s classroom within a rural, parochial school. The participants were selected as a result 

of the lack of studies on elementary level female students in STEM (Bishop, 2016). Mau and Li 

(2018) proposed a research style using a multi-tiered method which would examine problem-

based learning with STEM and how it influenced elementary female students. All students 

selected were taught by the researcher, who utilized PBL instruction in her classroom. The 

participants and setting selection were based on convenience for this study.  

Participants 

The target population were female elementary students in fifth grade from a small school 

district in a rural, Midwestern community. The location and setting were chosen out of 

convenience as students attended the same school the researcher was employed at. There was a 

total of 16 female students within fifth grade, who were all asked to participate in the study. The 

students had a parental consent form that was required to be signed and returned for the students 



23 

to participate in the study, and the students were also required to complete a self-assent form to 

participate in the study. The female students were between 10 and 11 years old, with 87.5% 

white and 12.5% Hispanic; additionally, 25% of the students were from low-income range and 

75% from the medium to high income range. The number of fifth-grade students who 

participated in the study totaled 25, with 16 female students and 9 male students. The female 

students have interacted with STEM lessons in previous years, and were shown STEM careers in 

fourth grade, as such they held a basic understanding of STEM. They have all previously 

conducted STEM experiments in other grade levels at the school. Male students were also 

instructed at the same time as female students, completed the same self-assent forms, but were 

excluded from this study because of their gender. 

The researcher was the teacher in the study and was a technology specialist for the 

school. The teacher had taught the female students involved in the study previously, following 

which the teacher moved to fifth grade where the study was conducted. The teacher holds a 

Bachelor of Arts in Elementary Education and a Master of Science in Technology Education 

(Technology Integration Specialist). The teacher is state certified to teach grades K-6 and had 

over nine years of teaching experience at the elementary level. 

School Setting and Demographics 

The study took place in a parochial school located in a rural Kansas community which is 

part of a parochial school district located elsewhere in Kansas. The administration had asked that 

STEM be integrated into all lessons, that all instructors utilized STEM at some point in their 

lessons. During the study both classes of fifth graders were taught the same PBL with STEM 

infusion. In prior years, the researcher had instructed all grade levels and utilized STEM within 

the curriculum. The elementary population is 239 students. There were 123 (51%) males and 116 
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(49%) females in the elementary school with 16 females in fifth grade. As the study was focused 

on female students in STEM, there was a total of 16 female students who participated.  

Case Study 

 Merriam defined “case as a phenomenon of some sort occurring in a bounded context” 

(Merriam, 1998, p 27). A qualitative case study is “intensive, holistic description and analysis of 

a bounded phenomenon such as a program, an institution, a person, a process or a social unit” 

(Merriam, 1998, p xiii). The qualitative case study approach used for this case study followed 

Merriam’s case study, this study also retained Merriam’s definition of “heuristic as enlightening 

the reader’s perspective of the phenomenon being studied” (Yazan, 2015, p 139).  

Merriam combined sections of Yin and Stake creating guidelines a researcher needed to 

proceed through a case study (Yazan, 2015). Merriam included five steps to research design: 

literature review, theoretical framework, describing the research problem, defining research 

questions, and identifying the sample (Yazan, 2015) which was incorporated into the case study.  

Research Design 

The case study employed a qualitative data analysis including two surveys, interviews, 

and field notes from observations. For this study, a data analysis utilized the survey data prior to 

the interviews and combined field notes with the interview to begin the coding process. The 

coding process then developed the themes utilized in the findings section of this study.  

The teacher presented the problem of climate change for the fifth-grade students to work 

through in a PBL environment. The teacher posed the question “How can you shrink your carbon 

footprint?” to students when discussing the overall problem of climate change. Following the 

presentation of the problem and question to be answered, discussion was held to address any 

questions students had, as well as to observe students’ understanding. Students were also 
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encouraged to discuss with their classmates and collaborate as they worked to answer the more 

specific question in relation to climate change. Female students were then interviewed, and after 

the interviews, students were allowed to verify their transcripts and make any changes to their 

interviews prior to data analysis.  

The study included a four-phase design:  Pre-Instructional Phase, Instructional, 

Interviews, and Post-Instructional Phase. The pre-instructional phase included students 

completing a demographic and questionnaire form, an interest survey, and the S-STEM Survey. 

The instructional phase included a PBL lesson with STEM integration, student centered 

activities, group collaboration, and a discussion on STEM careers. The researcher performed 

classroom observations during PBL instruction and completed a field notes journal. The 

interview phase was developed for only the female students to answer open-ended questions, and 

it queried the students about their involvement with PBL and STEM careers. The researcher in 

this study was also the teacher for the PBL unit. The Post-instructional phase included students 

completing an S-STEM Survey, interest survey and a PBL questionnaire. 

 

Pre-
Instrucitonal 

Phase

•Demographic and questionnaire form

•STEM survey upper elemetnary

•Interest survey

Instructional 
Phase

•PBL lesson with STEM 

• Student centered activities

•Group collaboration

•Discussion on STEM careers

• Field notes

Interview 
Phase

•Open-ended questions of female students

•Questions on PBL and STEM

Post 
Instructional 

Phase

•STEM survey upper elementary

•PBL Questionnaire

• Interest Survey
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Figure 3.1 Pre/Post research design 

 

PBL Unit Plan 

The STEM infused problem-based unit was developed for the fifth-grade students with 

the PBL works website, and the unit plan can be found at this website 

https://my.pblworks.org/project/shrinking-our-footprints.  The PBL unit was developed to meet 

the NGSS Standards (NGSS Lead States, 2013) along with the Kansas Technology standards for 

students (Waston, 2020). The core idea of the unit focused on shrinking our carbon footprint on 

the Earth, concentrating on how humans interact with the earth. The unit plan addressed the 

NGSS Standards, 5-ESS3-1 Earth and Human Activity: Obtain and combine information about 

ways individual communities use science ideas to protect the Earth’s resources and environment, 

the Kansas Common Core Mathematics Standards, 5.MD.2. Make a data display (line plot, bar 

graph, pictograph) to show a data set of measurements in fractions of a unit (12,14,18,116). Use 

operations (add, subtract, multiply) on fractions for this grade to solve problems involving 

information presented in the data display, 5.MD.5. Relate volume to the operations of 

multiplication and addition and solve real-world and mathematical problems involving volume, 

5.NF.6. Solve real world problems involving multiplication of fractions and mixed numbers, 

(e.g. by using visual fraction models or equations to represent the problem), and Kansas 

Technology Standards (Watson, 2020). Student teams focused on one resource:  water, garbage, 

electricity, or car fuel consumption. Teams researched information, such as the amount of water 

per minute of a shower or the number of miles per gallon used by a family car, and then they 

conducted home inventories to determine how much waste occurred within one week at home. 

Students graphed their individual families’ use, and then determined goals to have for their 

families moving forward. The students then graphed how their plans assisted their families in 
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lowering their carbon footprint on the Earth. They also utilized STEM and designed solutions for 

zero waste by creating presentations of their ideas. 

Forms 

Prior to the start of the PBL, students completed their assent forms that were previously 

signed by their parents at parent-teacher conferences. All forms were signed by parents, and the 

researcher had 100% participation from all students during the study. Students also worked on 

their demographic forms and interest surveys, which asked students about what careers they were 

hoping to pursue. Students were able to complete these forms quickly and without any issues. 

Upper Elementary School S-STEM Survey 

The Friday Institute for Educational Innovation (2012) created the S-STEM survey and 

was utilized to measure fifth grade students’ thoughts concerning STEM for this study 

(Appendix 3.1). The validity of the content of the S-Stem survey was proven by a committee of 

five experts and ten educators prior to its release for use (Friday Institute for Educational 

Innovation, 2012). The tool included 37 statements: eight positions regarding math, nine 

positions regarding science, nine positions regarding engineering and technology, and eleven 

positions regarding 21st century skills. Participants answered questions using a five-point Likert 

scale with a score of one being a negative response towards STEM while a score of five was 

positive. Participants’ scores on the S-Stem survey were a mix, but the participants may have 

been confused on the first survey as on the second survey there was less of a change in scores.  

Classroom Observation 

The researcher completed classroom observation by taking field notes in a journal during 

the study. During the classroom problem-based learning experience, the students and teacher 

were present and detailed notes were transcribed during each class period. The researcher kept 
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detailed notes of each section of the unit plan from implementation, interaction with students, 

employment of the unit plan, and their part in the PBL experience. A field notes journal was 

utilized, and notes were taken on how often the students interacted in their groups, if there were 

questions for the instructor, any issues that group members had during collaboration, and how 

often students were off task. The journal was beneficial to the researcher by allowing for 

background information to be transcribed along with observations during the study.  

Procedures 

Once IRB approval was received, the study commenced during the fall semester of 2021 

for 16 weeks. The fifth graders attended class with the instructor every day. All students were 

given the PBL instruction with STEM infusion, but the male students’ data was not included in 

this study. The fifth graders received instruction on Mondays, Wednesdays, and Fridays. A 

breakdown of the plan of instruction is located below. 
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Table 3.1 Study Timeline for PBL and Interviews 

 

Activity                                                 Duration 

Pre-Instruction Phase      Two class periods 

• Assent Form        (2 weeks) 

• Demographic Form 

• Interest Survey 

• S-Stem Survey 

Instructional Phase – Unit Plan 

• Explanation of PBL instruction 

• Problem discussion, students discuss 

how investigation will proceed 

• Students lead investigation, data collection, and plan  Eight class periods 

• Discussion on STEM careers      (8 weeks) 

• Field notes 

Interview Phase       Four class periods 

• Open-ended questions of female students    (4 weeks) 

• Questions on PBL and STEM 

Post Instructional Phase      Two class periods 

• S-Stem Survey                            (2 weeks) 

• PBL Questionnaire 

• Interest Survey 
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Pre-Instruction Phase 

First, the assent forms were signed by all parents during parent-teacher conferences. The 

students then completed their assent forms, demographic forms, and interest surveys during their 

initial class period. During the next class period, the teacher explained the S-STEM survey, and 

the students completed the survey.  

Instructional Phase 

The teacher discussed how PBL instruction would occur and that the students would be 

leading their own knowledge growth. The problem was introduced as climate change while the 

specific question the students would be answering was phrased as “How can you reduce your 

own carbon footprint?” Students were then assigned to groups based on their area of interest, the 

four different areas students could choose from were food waste, gasoline, water, or electricity 

usage. Once in their groups, students then constructed questions they needed to ask to develop 

research on their main question. As the students worked towards answering their overall 

question, they discovered other websites to utilize for their research, and they shared this 

information with their classmates.  

Students led their own investigations, planned, and set dates for their data collection, 

which was over a long Thanksgiving week break. Once students arrived back at school, they 

proceeded to improve their plans on shrinking their carbon footprints. The teacher had a small 

discussion on STEM careers upon their return, following which the students created graphs of 

usage for each family in their group. Students then began a collaboration on shrinking their 

carbon footprints, and as groups decided whether to present their plans by creating posters or 

Goggle Slides. During the instruction phase a field notes journal was employed by the 
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researcher. Field notes assisted the researcher in the interview process as well and was an 

excellent benefit to the study. 

Prior to winter break, students had practiced their presentations, and they presented to all 

5th graders and their teachers. The students were all knowledgeable on their topics, and they had 

clear and concise presentations. They were able to answer questions from the audience and their 

teachers showing background knowledge. They also presented their plans to their families over 

Christmas break, and all students were able to persuade their families to work towards shrinking 

their carbon footprints. 

Interview Phase 

Fifth-grade female students completed an interview stage with the researcher. The 

researcher posed open-ended questions to the female students to determine if students were able 

to increase their self-efficacy during PBL instruction, if their critical thinking skills improved, 

and discuss how they felt about PBL and STEM careers. Female students discussed how they felt 

more confident in STEM, and some of the students discussed how their critical thinking skills 

had improved from the PBL instruction. Female students also discussed how the male students 

had influenced their learning and self-efficacy. The interviews were conducted by class, and the 

females from Classroom A were interviewed first followed by the females in Classroom B. 

Group interviews were conducted to help the students feel more comfortable and more willing to 

discuss their experiences. The interview questions are available in Appendix 3.2 

Post-Instructional Phase 

Students completed their final S-STEM survey after the completion of their PBL 

presentations, they also completed a PBL questionnaire on what their likes and dislikes were 

during the unit. The S-STEM survey was completed twice, as it was utilized as a pre/posttest for 
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the students. The students completed it during a class period with the researcher reading the 

directions and questions to them, the researcher then allowed time for the students to select their 

answers and any questions students asked for clarification. The students were able to complete 

the post survey prior to the interviews. The interest survey was also completed for a second time 

to see if the female students’ results had shifted from the initial interest survey. 

Data Collection 

Following Merriam (1993), interviews were conducted, field notes were written through 

observations, two interest surveys were completed, and two S-STEM surveys were collected for 

qualitative analysis both pre- and post-PBL (Yazan, 2015). An S-STEM survey was conducted to 

begin analysis of the participants prior to the interview stage, the survey is at Appendix 3.1. The 

survey was employed as a collection tool to see how many participants held established opinions 

about STEM. This data was then utilized in the interview stage to assist with the open-ended 

questions presented to the participants along with an interest survey, and the questions for the 

interview were listed in Appendix 3.2. Finally, PBL instruction was used with the fifth-grade 

students to determine if PBL would be of benefit in assisting female elementary students in 

building their self-efficacy and critical thinking skills in STEM. By utilizing PBL instruction, the 

researcher allowed students to commit to their own learning. The students became the knowledge 

base experts on carbon footprints, electricity, water, gasoline, and food waste, while they 

conducted their research by accessing websites selected by the instructor. Students then located 

other websites that were beneficial for their research, and they shared these websites with their 

peers. The instructor kept a list of websites for the students on Google Classroom and added to 

the list during the PBL.   

Data Analysis 
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 Utilizing a constructivist view, the researcher followed Merriam’s suggestion of 

analyzing data while collecting at the same time (Yazan, 2015). A hand-written process was 

employed to manage the data during the study. A qualitative analysis was conducted of the data 

collected, and initial codes were created from the surveys, interviews, and field notes. The codes 

were then combined into themes and findings for the study which were listed below.  

Table 3.2 Codes and Themes 

Code 

Theme: 
Improved 
Critical 

Thinking Type Code 

Theme: 
Improved self-

efficacy Type Code 
Boys Affect 

Learning  

1.1 

Yes: 
Conscious 
Realization TAC 1.1 Creative Ideas OBJ 1.1 Degrading ATT 

1.2 

Yes: 
Conscious 
Realization TAC 1.2 Observant OBJ 1.2 Put us down ATT 

1.3 

Yes: 
Conscious 
Realization TAC 1.3 

Supports our 
learning OBJ 1.3 Ridiculed ATT 

1,4 Better Choices TAC 1.4 
Learned about 
environment OBJ 1.7 Don't care ATT 

1.5 
Know find 
answers TAC 1.5 

Nice being in 
charge of my 

learning OBJ 1.8 Make jokes ATT 

1.6 
Know find 
answers TAC 1.6 

Gained 
knowledge: 
Persevere OBJ 1.13 Loud ATT 

1.7 Improved OBJ 1.7 
Make world 

better ATT 1.14 Rushed ATT 

1.8 
Gained 

Knowledge OBJ 1.8 

Groups: help 
us share 

knowledge TAC 1.20 Don't listen ATT 

   1.9 
Learned stop 

waste TAC 1.22 Disagree with us ATT 

   1.1 
Have more 
confidence ATT 1.23 Frustrated ATT 

      1.4 Distraction CON 
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      1.5 Annoying CON 

      1.6 No Help CON 

      1.11 
Don't share 
knowledge CON 

      1.17 Know it alls CON 

      1.18 
Wouldn't take 

our ideas CON 

      1.19 
Think we aren't 

smart CON 

      1.24 Side track easily CON 

      1.25 
Know 

technology OBJ 

      1.10 Some quiet OBJ 

      1.9 
Some help 

(cousin) EMO 

      1.26 
Happy had no 
boys on team EMO 

      1.21 Difficult EMO 

      1.15 Uncomfortable EMO 

      1.16 
Make you feel 

bad EMO 

      1.12 Done with them EMO 

 

Open-ended questions utilized in the study were developed to assist in further exploring the 

participants’ thoughts, ideas, and fears about STEM careers. The questions also assisted in 

showing the self-efficacy of the participants. Following the interview an open dialogue took 

place, during which the female students added what they felt was important in PBL. This was 

beneficial to the researcher as it provided additional information or feedback that was not 

collected during the formal interview process. The collected data was coded by the researcher 

and analyzed to determine themes for the data in a more detailed manner. These detailed themes 

were evaluated and then combined into broader themes. The themes were able to answer the 

research question for this project and were as follows:  improved critical thinking skills, 



35 

improved self-efficacy, how males affect learning, careers in science/engineering, role models, 

and challenging subjects, and with the lack of data for some themes, the focus will be on 

improved critical thinking skills, improved self-efficacy, and how males affect learning. 

Positionality Statement 

As a female and a mother of two daughters, the researcher wanted to investigate why 

females are lacking in STEM careers, and even more significant to the issue is that “women are 

less likely than men to pursue degrees in STEM” (Bishop, 2016, p. 2). By utilizing the feminist 

theory, the researcher has discovered that the focus was on empowering women that wanted it 

all, a career and family, and the emphasis was on blocking the stereotype about sex and gender 

(Fortman, 2017).  By combining feminist theory with Bandura’s self-efficacy theory, the focus 

was then utilized for this research. Concepts of self-efficacy are focused with a person’s 

perception of how capable they are and their achievements (Bandura, 2006). Self-efficacy is an 

issue for female students who are continually told they cannot do something or that they do not 

have a high enough IQ. When observing this through the eyes of my daughters, I can see that the 

feminist theory interlocks with self-efficacy theory, and that my daughters and my female 

students are continuously fighting an uphill battle. Females are told they are not smart enough or 

they do not have the capabilities to do/play something, and it begins in elementary school. 

Females’ self-efficacy must surpass the pressures of a male dominated area, STEM, and then 

they must prove to themselves and everyone else that they can be anyone they want to be. Self-

efficacy derives from how humans are capable of development and adapting to change (Bandura, 

2006), which will establish the focus of this study of how female elementary students’ self-

efficacy and critical thinking skills were influenced by PBL infused with STEM. 
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Chapter 4 - Findings 

 A qualitative analysis was conducted of female elementary students’ self-efficacy and 

critical thinking skills in STEM and how problem-based learning influences these skills, along 

with the perception female students have of themselves in the classroom. The outcomes of the 

qualitative data analysis are below.  

Analysis of S-STEM Surveys 

 A quantitative data analysis was conducted utilizing a pre- and post S-Stem survey which 

was administered to all participants prior to the PBL and afterward. The quantitative data was 

collected, analyzed, and evaluated by one researcher, and the researcher also analyzed t-tests and 

p-values for the data. The data was inconclusive, as such, the researcher determined that moving 

forward a qualitative analysis was required. The means of the October and December surveys 

were so close in proximation that no difference could be determined. Below are the t-tests and p-

values for each section of the survey showing the inconclusive means, nothing was less than .05, 

in each section studied which included elementary science, engineering/technology, and 21st 

century skills. Tables 4.1, 4.2, and 4.3 were inconclusive for the research which would have 

shown how the female students gained knowledge in science, engineering/technology, and 21st 

century skills, but because the values were not less than .05 the results were too close to show 

any improvements in the female students’ skills. 
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Table 4.1 T-Test Elementary Science 

 
Table 4.2 T-Test Elementary Engineering/Technology 

 
 

Table 4.3 T-Test Elementary 21st Century Skills 
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Analysis of Interest Survey 

 The interest surveys were given to all 16 female students at the beginning of the PBL and 

afterwards to analyze any changes in thoughts or opinions the female students possessed 

following the conclusion of the unit. The survey asked students what their favorite subject was, 

what subject they needed help in, if they were confident in math or science, did they enjoy 

STEM, and what their career path would be. The data showed improvement in two areas: the 

students’ best subject (math or science) and their decision on a career path in relation to STEM 

careers. The female students had a decrease in the number who needed assistance in math or 

science. The data is included in Table 4.4 Interest Survey Data below. 

Table 4.4 Interest Survey Data 

   

Interest 

Survey    

 

Best 

Subject 

Subject need 

Help 

Confident 

Math 

Confident 

Science 

Enjoy 

STEM Career 

Beginning of 

PBL 5 5 13 15 11 3 

End of PBL 11 2 14 16 14 8 

Improvement up 6 down 3 up 1 up 1 up 3 up 5 

 

Analysis of Focus Group Interviews Transcripts 

 

 The focus group was conducted at the end of the fall semester 2021 with 15 of 16 female 

students participating. Six major themes emerged from the coded data based on the following 

research questions: how does problem-based learning influence female elementary students’ self-

efficacy and critical thinking skills in STEM and sub-questions, how do female students perceive 

themselves in the classroom, and what aspects of problem-based learning influence females’ 



39 

critical thinking skills? The themes were as follows:  improved critical thinking skills, improved 

self-efficacy, how males affect learning, careers in science/engineering, role models, and 

challenging subjects, but with the lack of data within a few themes, the three major themes that 

will be focused on were improved critical thinking skills, improved self-efficacy, and how males 

affect learning. 
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Figure 4.1 Themes (Positives) 
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Figure 4.2 Themes (Negatives) 
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 The qualitative data was collected by analyzing the open-ended interview process 

(Appendix 3.2), an observation journal, kept by the researcher during the instruction phase, and 

two interest surveys (Appendix 3.3). The S-Stem survey was included but not utilized in this 

research (Appendix 3.1). A qualitative case study was utilized for this analysis. The design 

method was employed as all students interviewed shared and experienced the same phenomenon 

related to the PBL.  

 Critical thinking was defined as: 

  the intellectually disciplined process of actively and     

  skillfully conceptualizing, applying, analyzing, synthesizing, and/or   

  evaluating information gathered from, or generated by, observation,   

  experience, reflection, reasoning, or communication, as a guide to belief   

  and action. In its exemplary form, it is based on universal intellectual   

  values that transcend subject matter divisions: clarity, accuracy, precision,   

  consistency, relevance, sound evidence, good reasons, depth, breadth,   

  and fairness. (Scriven & Paul, 1987, p 1) 

Theme 1: Improved critical thinking  

 Female students critical thinking skills were improved during the PBL unit. During the 

coding process, three sub-themes developed, they were increased knowledge, confidence, and 

understanding. Though these themes were not represented in the definition, they were important 

for the female students to gain knowledge to ensure they would have the ability to apply what 

they had learned from the PBL. By gaining confidence and understanding, the female students 

were gaining the intellectual values required to successfully navigate the critical thinking process 

(Scriven & Paul, 1987). 
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Increased Knowledge 

 The female students gained valuable knowledge about STEM related fields and PBL 

throughout the study. Per the data collected during the interview stage, students identified 

improved critical thinking skills, with 50% of female students stating their critical thinking skills 

had been enriched during the PBL. As the researcher observed, the female students were more 

willing to assist in discussions and come up solutions for problems by the end of the PBL, a 

contrast to their behavior prior to the PBL which displayed a shyer or timid nature, as annotated 

in the field journal. The notes from the field journal showed an improvement for female students 

as the PBL progressed, and the female students were more willing than male students by the 

completion of the PBL to participate in class discussions. From the field notes journal, student 10 

explained, “My dad spent over $300 dollars on gas during our Thanksgiving trip.” The male 

student in her group tried to blame the gas stations for increased prices, but student 10 explained 

that OPEC was the reason for gas prices increasing. A 10-minute discussion followed in order to 

explain OPEC and how oil prices are determined. It was noticeable that the female students were 

gaining knowledge and were more willing to interact in the classroom per the researcher’s field 

notes. Student 5 explained her critical thinking skills had improved, “I understand how to 

approach a problem much better, and I can work to solve an issue,” which was annotated in the 

field notes journal. Students 1, 6, 2, and 5 all had conscious realizations that they were now 

better at coming up with ideas to solve problems, which displayed an increased knowledge base 

and was annotated in the field notes journal, “We can work out problems now, and can solve an 

issue much easier.” As the researcher observed in the field notes, the female students did 

improve their critical thinking skills. By being more engaged in the class, the female students 

showed a development in their knowledge base. 
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Confidence 

 To the researcher, improvement was noticeable, per the field journal, that the female 

students’ confidence levels had improved, with focused observation of a very quiet, shy student 

8, who began to open-up and interact with others during the PBL. The female students increased 

their confidence while completing the PBL unit. Student 15 explained during the interview stage, 

“I know where to find information on websites, and I have gained knowledge.” Student 12 

explained, “I have learned how to make better choices,” which she had also discussed during the 

interview stage. 15 of 16 female students gained confidence during the PBL, and the researcher 

was able to document this improvement during the interview stage. When asked if the students 

had gained confidence, all the students agreed, except for one who was absent. The female 

students’ interest surveys also showed improved confidence levels by selecting math and science 

subjects as their best subjects increasing from 6 of 16 to 11 of 16. The female students also 

showed slight increases of 6.25% in confidence levels in their math or science subjects. With 

such results it is clear that the PBL unit improved students’ confidence levels and also was 

beneficial in improving critical thinking skills. 

Understanding 

 Female students retained the information given during instruction time. This 

improvement was made evident by how they gained a deeper understanding of STEM subjects 

through PBL, this in turn helped improve the students’ critical think skills. The female students 

enjoyed learning through PBL as student 15 discussed per the interview stage, “it was fun 

learning this way, and I like being in charge of my learning.” While documenting their progress, 

the researcher noted in the field notes journal that several students, 3, 5, 7, and 11, gained 

understanding and were more involved in the PBL by the students exclaiming, “NASA has a 



45 

great website that even has ideas on shrinking our carbon footprints. We need to use this 

information and show the other groups what ideas they have.” The interest survey also showed 

improved understanding for the female students in their math and science subjects by 11 of 16 

female students believing these were their best subjects. The students have grown in their critical 

thinking skills. 

Theme 2: Improved self-efficacy 

 Female students’ self-efficacy improved during PBL instruction, and in fact, the 

qualitative data clarified that 10 of 16 female students improved their self-efficacy per the 

interest survey. The coding in this theme was separated into two different sub-themes: work ethic 

and confidence levels. Bandura (2006) defined as focused with a person’s perception of how 

capable they are and their achievements. 

Work ethic 

 Students improved their self-efficacy through their work ethic by being more observant 

than at the beginning of the PBL, supporting each other, gaining knowledge, participating, and 

being productive. The researcher was able to observe these improvements and document them in 

the field notes journal as evidence of students’ improvement. The researcher documented in their 

journal that female students were discussing where they were locating information, sharing 

information, and locating answers quicker than in previous sessions of the PBL. Once female 

students became more aware of the information, they seemed to grow their knowledge base, 

which allowed for an improved self-efficacy, as student 12 noted during the interview stage, “in 

groups we are learning more, and we are able to share our knowledge. I didn’t realize that I was 

learning so much until we went to create our presentations, and I just knew so much than before 

we began the PBL.” Female students were enhancing their collaboration and work ethic skills 
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during the PBL. The advancements in female students’ work ethic assisted in improving their 

self-efficacy. 

Confidence levels 

 The PBL enhanced the female students’ confidence levels as they interacted more in 

discussions following the PBL than when the PBL first began, which was documented in the 

field notes journal. The female students increased their levels of confidence through 

determination, researching independently, and wanting to help the environment. Student 6 

revealed, “I have located new websites for our research,” and she shared these sites with 

everyone in the class, which the researcher noted in the field notes journal. Student 5 stated 

during the interview stage, “I have gained more confidence in myself, and I believe in myself.” 

Student 3 explained, “I want to help keep us safe by cleaning up the environment,” which was 

annotated in the field notes journal. Student 13 described, “I was having problems understanding 

the information, but I was able to find another website that explained the research to me where I 

was able to understand it better,” which was documented in the field notes journal. The female 

students’ interest surveys also showed improved confidence levels by selecting math and science 

subjects as their best subjects increasing from 6 of 16 at the beginning of the PBL to 11 of 16. 

The female students also showed slight increases of 6.25% in confidence levels in their 

math/science subjects. Obviously the PBL unit improved their confidence levels and was a 

benefit to improved critical thinking skills. The female students’ self-efficacy greatly improved 

during the PBL. 

Theme 3: Males affect learning 

 The female students wanted to discuss the male students at the end of the interview stage 

as they wanted their issues with the males heard. Once they began answering this question 
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several themes appeared, however the most interesting theme was revealed by the qualitative 

data analysis through coding of how males affected the female students’ learning. It was revealed 

that the males had a tremendous effect on the females’ learning during the PBL unit, distracting 

the female students, not letting them speak, and the sometimes-malicious criticism from the male 

students. The PBL groups were determined by the students ranking their favorite group, and they 

could select from gasoline, trash, water, or electricity. The groups consisted of 4 groups evenly 

split by gender, 2 groups of 3 females and 1 male, and one group of 3 females, and while there 

were only nine males, they did have a visible impact on the female students. 

Males being critical 

 Female students had reactions towards the males because the males were being critical of 

them with sub-themes of males being a disturbance by being off topic in discussions, and 13 of 

16 of the female students believed the males were being critical of them from the interview 

stage. Student 8 stated, “the male in our group called me stupid, and said none of us knew what 

we were doing.” Student 12 explained during the interview, “they have a lot of sidetracks,” and 

student 6 stated, “they are just an annoyance.” During the researcher’s journal entries, it was 

noted that the males were easily distracted by other options on their laptops or even getting 

distracted by their surroundings, instead of completing their research. Student 7 revealed, “they 

are kind of like loud, and stuff like that, it can make me feel rushed and uncomfortable.” Student 

1 agreed, stating, “they just get distracted and are like, sometimes they just want to be annoying. 

They would also change what we had completed and that would be annoying.” Student 5 

described more of the male students’ behavior, “they would make jokes that weren’t even funny 

and get off topic.”  



48 

 The males were irritating and unaccepting of the females’ ideas as they criticized 

anything they suggested. Student 1 explained during the interview, “they kind of made fun of us 

because we don’t really know a lot about computers.” Student 6 expanded, “we asked them how 

you make shortcuts, and they were like you don’t know how to do that. You are just so weird.” 

The males were irritating to the females because they would not assist them or share their 

knowledge, and this was evident from the researcher’s journal because the males were told to 

assist the females by helping with technology and sharing their knowledge. Assisting the female 

students did not occur, because per the interview stage, students 1 and 6 explained, “we were 

teased, and told we didn’t know technology, so why should the boys help us.” The female 

students were not excited to have to collaborate when the males were so unaccepting of their 

knowledge and ideas per the field notes journal. Student 7 explained, “We were trying to 

brainstorm, and they were unaccepting of our ideas.” Student 1 continued, “We created a 

character, and the males did not want to add it to the slides.  A couple minutes later, we didn’t do 

the character, and one of the males comes up with the idea to just like put a character in it.” 

Student 15 added, “I was thrilled not to have any males on my team.” Finally, student 8 revealed, 

“I did not like that we had one boy who thought he had all the ideas, and he wouldn’t take any of 

our ideas.” The researcher had not been made aware of these issues during the PBL, except for a 

couple of problems that were addressed, which included refocusing a male student who was off 

task, stopping an argument on how to proceed with a presentation, and not assisting the females 

in their group with technology. It was obvious that the males did not want any assistance from 

the females or to include any ideas from the females. 
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Emotions 

 In addition to the male students creating disturbances and general unrest among the 

female students there were also subthemes of a stressful environment and being 

irritating/unaccepting. The stressful environment for the female students centered in on the male 

students in their groups, the males were troublesome and stressful by not following the rules and 

continuously being off topic during the unit.   

 The males caused unrest with the female students, which student 10 explained during the 

interview, “it was hard because they would not listen to us or accept our thoughts.” Student 11 

added, “I didn’t fully agree with the boys in my group, and then they just don’t want to listen 

because they feel they are the only one that’s correct. When I would not put their ideas on a slide 

they would get upset. It was frustrating at times.” From the interview stage, 15 of 16 female 

students felt the males were being troublesome or causing a strenuous environment for the 

females during the PBL, the final female was absent during the interview process. The female 

students were visibly and verbally upset by how the males treated them during collaboration. 

 The male students created a variety of problems by not following the rules of the PBL 

and not staying on task during the unit. They were disruptive on occasion which was discussed in 

the field notes, and the researcher noted that discussions occurred with several groups that 

consistently needed to be reminded to stay on task during the PBL needed to stay on task during 

the PBL. In one group a male student was consistently off task, noted by Student 2, “our boy said 

I’m just going to take six or I don’t have to do it. I told him he would still have to present, and 

it’s kind of like how all the males are, they just don’t want to help.” Student 7 agreed during the 

interview stage and stated, “you are trying to work and get this thing done, and they are just 

making some stupid joke. It’s just distracting.” It was clear that the male students required 
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refocusing and needed to be monitored more closely; however, the researcher was not made 

aware of these issues until the interview stage, which followed the completion of the PBL.  

Positive 

 During the interview stage 3 of 16 female students explained how some of the males 

were helpful during the project, providing some data of positive opinions that had formed of a 

few of the male students. The positive theme also had two subthemes: some of the males were 

quiet and helpful, in addition to which they understood technology and kindly explained to the 

female students when they were confused or unsure. Student 5 stated, “like some of the males are 

somewhat helpful,” and student 14 added, “they do know technology.” Only three female 

students discussed how the males were helpful during the interview, and the researcher noted on 

occasion that a couple of the male students did assist the females with technology issues. 

However, it does appear that the males would have been seen in a more positive light if they had 

followed the examples of their peers and worked with the female students instead of against 

them.  

Conclusion 

 Though having inconclusive results from the S-STEM survey data, after evaluating the 

data from student interviews, observations/journal entries, and interest surveys, the qualitative 

data shows positive improvements on self-efficacy and critical thinking skills with problem-

based learning. The student interviews show that female students are inspired when they can 

collaborate with each other and discuss their plans and ideas.  Students enjoyed being able to 

work through real-world situations and to critically think through the problem to come up with a 

solution. 
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Chapter 5 - Discussion 

Introduction 

The number of female students pursuing careers in science or math is not increasing; 

however, by offering problem-based learning to rural, parochial-elementary female students 

teachers can assist in improving female students’ self-efficacy, critical thinking skills, and 

possibly promote a connection to STEM careers in the future. Utilizing PBL helps students to 

learn and improve, and problem-based learning is a unique way to see female students advance 

their skills and learning (Tate, 2020). This study was conducted to answer the following 

questions:  

1. How does problem-based learning influence rural parochial-elementary female 

students’ self-efficacy and critical thinking skills?  

2. How do female students perceive themselves in the classroom?  

3. What aspects of problem-based learning influence females’ critical thinking skills? 

Summary of Findings 

 The purpose of this study was to determine if problem-based learning in a fifth-grade 

classroom would improve rural parochial-elementary female students’ self-efficacy and critical 

thinking skills. The data answers the researcher’s questions from two interest surveys, focus 

group interviews, and classroom observations. Mau and Li (2018) proposed a research method 

which utilized a multi-tiered method in regard to surveys but also including observation and 

interviews with a focus group, which was accomplished during this study while examining 

problem-based learning infused with STEM. This study has worked through this multi-tiered 

method and come to the following conclusions. 
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Self-efficacy and critical thinking skills 

 Female students perceived that their critical thinking skills improved, and that they 

gained knowledge during the PBL unit. Per the data collected during the interview stage, 8 of 16 

female students stated their critical thinking skills had been enriched during the PBL. As the 

researcher observed, the female students were more willing to assist in discussions and come up 

with a wider range of solutions for problems by the end of the PBL in contrast to the beginning 

of the study. The interest surveys also showed an increase in the females’ feelings that their best 

subjects were math/science. It was noticeable that female students were gaining knowledge and 

were more willing to interact in the classroom per the researcher’s field notes. Butler (1988) 

indicated the need to allow female students to select their own roles so they can perform at their 

highest capabilities. Thus, by allowing the free thinking associated with the PBL, the female 

students’ critical thinking skills were enhanced, and an improvement was also observed for 

female students in STEM subject areas from the PBL. Female students flourished during the 

research phase of the PBL, and the female students grasped their role in the unit with improved 

willingness to participate and a deeper level of understanding.  

 During the survey, student 5 explained her critical thinking skills had improved, and 

students 1, 6, 2, and 5 all concluded that they were now better at coming up with ideas to solve 

problems. As the researcher observed in her field notes, the female students did improve their 

critical thinking skills during the PBL, and they were more willing to raise their hands and 

answer questions. Jenson et al. (2011) explained that educators can build female students 

confidence levels which will increase their self-efficacy, and by being more engaged in the class, 

the female students show more confidence in themselves and their answers. 
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 By allowing the female students to decide from multiple options with the PBL, the 

students were able to select the topics they wanted to learn about and have experiences, this led 

to positive outcomes and as a result, the female students’ confidence increased (Lent et al, 1994, 

200). To the researcher it was noticeable, per the field notes journal, that female students’ 

confidence levels had increased by focusing observation on the very quiet, shy Student 8, who 

began to discuss and interact with others during the PBL. Improving the female students’ 

confidence levels was a benefit to improved critical thinking skills, which can then bring female 

students towards the selection of career in STEM (Lent et al., 1994). 

 Female students were retaining the information they were studying for the PBL, and it 

was obvious from how they gained understanding of STEM through the PBL, which helped 

improve their critical thinking skills. The female students enjoyed learning through PBL as 

Student 15 discussed, “it was fun learning this way, and I like being in charge of my learning.” 

While documenting their progress, the researcher noted in the field notes that several students, 3, 

5, 7, and 11, gained understanding and were more involved in the PBL by discussing and giving 

ideas during the PBL. By allowing female students to select their own roles during the PBL, the 

researcher was able to allow the free thinking of female students, allowing them to display their 

true capabilities without restriction (Butler, 1988). As such, it is clear the female students have 

grown in their critical thinking skills throughout the PBL.  

Female Students’ Perception 

 Bandura (1998) explained that as individuals gain self-efficacy the more their belief in 

themselves improves, allowing them to strive for academic success. Female students’ self-

efficacy improved during the PBL instruction, and the qualitative data showed more specifically 

10 of 16 female students improved their self-efficacy once the post-PBL interest survey was 
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given. As with Bandura (1998), students displayed their improved self-efficacy through their 

work ethic as they were more observant, supportive of peers, and perceptive of valuable, new 

knowledge. These changes were observed by the researcher and the annotated in the field notes 

journal, allowing the researcher to have visible proof of improvement. The researcher 

documented in their journal that female students were discussing where they were locating 

information, sharing information, and locating answers quicker than in previous sessions. Once 

female students became more cognizant of the information, they seemed to cultivate and share 

their knowledge, which allowed for an improved self-efficacy. Student 12 noted during the 

interview stage, “in groups we are learning more, and we are able to share our knowledge,” 

which shows an enhancement in their collaboration and work ethic skills.  

Confidence levels 

 The PBL displayed enhanced the female students’ confidence levels because they 

interacted more in discussions, not just during the PBL but all subject areas. The female students 

improved their confidence levels by being more self-confident, gaining knowledge, and wanting 

to help the environment. Student 6 revealed, “I have located new websites for our research,” and 

she shared these sites with everyone in the class, which the researcher noted in her field notes 

journal. The female students increased their confidence level by persevering, learning to be more 

independent in the classroom, and wanting to help the environment, which was noted in the field 

notes journal by the researcher. The female students’ self-efficacy greatly improved during the 

PBL.  

 The female students’ level of commitment to their research increased when faced with a 

real-world problem. Hart (2018) revealed in their study that students who were engaged in PBL 

during self-discovery reached self-efficacy, and by evaluating the findings of this study, it shows 
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a strong correlation to Hart (2018) as female elementary students’ self-efficacy and critical 

thinking skills improved during this PBL. The advancements in female students’ work ethic and 

confidence levels assisted in improving their self-efficacy, and as such justifies Bandura’s theory 

on self-efficacy. Female students were actively working to improve throughout the PBL. 

 While they understood their new roles in the PBL, female students gained self-efficacy in 

solving the real-world problem, which Bandura (1998) discussed was beneficial to improved 

self-efficacy. Bandura (1998) explained that students with stronger self-efficacy will confront 

and accept the challenge to solve the problem, and the female students did thrive in this 

environment during the PBL. By linking the theories of Butler and Bandura, it can be justified 

then that the PBL was beneficial to improving self-efficacy and confidence levels. The 

advancements in female students’ work ethic assisted in improving their self-efficacy. 

Influences 

 The female students were adamant that if the males were not part of the PBL, they would 

have had an easier time completing tasks. It was revealed during this part of the interview that 

the male students had a tremendous effect on the females’ learning during the PBL unit, which 

was also noted in a few instances in the field notes the researcher took. As Butler (1988) stated, 

educators need to allow students to select their own roles, so they can perform at their 

capabilities, and when males become critical the females become frustrated.  

Males being critical 

 Female students had negative reactions towards the male students as the males were 

being critical of them, and 13 of 16 females during the interview stage believed the males were 

being rudely critical of them. Student 12 explained, “they have a lot of sidetracks,” and student 6 

stated, “they are just an annoyance.” Within the researcher’s journal entries, it was noted that the 
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male students were easily distracted by other options on their laptops, in addition to which they 

would distract themselves quickly with their surroundings rather than focusing on their research. 

Student 7 explained, “they are kind of like loud, and stuff like that, it can make me feel rushed 

and uncomfortable.” Student 1 agreed stating, “they just get distracted and are like, sometimes 

they just want to be annoying. They would also change what we had completed and that would 

be annoying.” Student 5 further expanded, “they would make jokes that weren’t even funny and 

get off topic.”  

 In the female students’ eyes the male students were being irritating and unaccepting of 

the females’ ideas by being critical. Student 1 explained, “they kind of made fun of us because 

we don’t really know a lot about computers.” Student 6 expanded, “we asked them how you 

make shortcuts, and they were like you don’t know how to do that. You are just so weird.” The 

male students were irritating to the female students because they would not assist the females or 

share their knowledge. This was also observed from the researcher’s point of view, annotated in 

the field notes, as the males were consistently told to assist their female classmates by helping 

them to better understand technology or share knowledge obtained in their research, 

unfortunately, this did not happen. This does, however, support Bandura’s theory (1998), 

showing how women’s roles are squandered by society, generally as the males remove equity as 

they do not believe females to be equal to them and therefore do not deserve to share the same 

space with the males.  

 The female students were not excited to have to collaborate when the males were so 

quick to disregard their knowledge and ideas. Student 7 explained, “We were trying to 

brainstorm, and they are unaccepting of our ideas.” Student 1 continued, “We created a 

character, and the males did not want to add it to the slides.  A couple minutes later, we didn’t do 
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the character, and one of the males comes up with the idea to just like put a character in it.” 

Student 15 added, “I was thrilled not to have any males on my team.” Finally, Student 8 

revealed, “I did not like that we had one boy who thought he had all the ideas, and he wouldn’t 

take any of our ideas.” The researcher had not been made aware of these issues during the PBL, 

apart from a few situations that were addressed as a full class during the unit. It was obvious that 

the males did not want any assistance from the females or to include any ideas from the females, 

displaying at a young age just how females’ influence and behavior is viewed by society (Butler, 

1988). 

Emotions 

 There were also additional difficulties the female students had to face when working with 

male students, while it has been established that the males created a stressful environment there 

were specific difficulties observed by the researcher and discussed with female students in the 

final interview. These difficulties, as expressed by the female students, were the male students 

cause problems by not following the rules of the assignment as well as consistently being off 

topic throughout the unit. While discussing the stressful environment the male students created 

Student 10 explained, “it was hard because they would not listen to us or accept our thoughts.” 

Student 11 added, “I didn’t fully agree with the boys in my group, and then they just don’t want 

to listen because they feel they are the only one that’s correct. When I would not put their ideas 

on a slide they would get upset. It was frustrating at times.” From the interview stage, 15 of 16 

female students felt the males were being troublesome or causing a strenuous environment for 

the females during the PBL, Student 16 was absent on the day of the final interview. The female 

students were clearly upset by how the males treated them during what was meant to be a  

collaboration. 
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 The male students were troublesome by not following the rules of the PBL and staying on 

task during the unit. The male students were disruptive on occasion which was discussed in the 

field notes, and the researcher was forced to refocus several groups that were not on task many 

times. Student 2 had the following to say about the male student in her group, “our boy said I’m 

just going to take six or I don’t have to do it. I told him he would still have to present, and it’s 

kind of like how all the males are, they just don’t want to help.” Student 7 had a similar 

experience, stating, “you are trying to work and get this thing done, and they are just making 

some stupid joke. It’s just distracting.” It was clear the males needed to be refocused and more 

closely monitored; however, the researcher was only made aware of these incidents at the end of 

the PBL and did not have the opportunity to make such adjustments during the unit. Per Bandura 

(1998), educators need to allow female students to select their own roles so they can perform at 

their capabilities, and it would be beneficial to allow female students to work together to observe 

how they would progress in the unit. 

Positive 

 There were a few positive opinions about male students who were not rude, critical, or 

disruptive, with 3 of 16 females discussing during the interview how some of the males were 

helpful. Student 5 stated, “like some of the males are somewhat helpful,” and Student 14 added, 

“they do know technology.” Only two female students discussed how the males were helpful, 

and the researcher noted on occasion that two of the male students did assist the females with 

technology issues in the field notes. A few males were more accepting of the females and 

therefore were more willing to assist with technology and listen to the female students’ ideas 

about the project. This phenomenon could be understood by utilizing Butler (1988) to form a 

theory that at some point gender will be ignored and they will simply be peers, equal. However, 
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it was also noted by both the female students and the researcher that it would have been far more 

helpful and beneficial for all if the rest of the male students followed their lead.  

Limitations 

 The first limitation was the fact that the study was limited to a single STEM unit plan as 

if multiple units were taught a wider range of data would have been analyzed. Another limitation 

was that the study was contained within a single parochial school in one grade level, as multiple 

grade levels would have, again, provided a wider range of data. The fifth-grade students shared 

the same teacher, resources, and curriculum which influenced their interests. The students also 

shared similar demographics with similar race and socio-economic background. The final noted 

limitation lies with the fact that the study was conducted with self-reported data from the surveys 

of the female students. 

Recommendations for research 

 The research behind problem-based learning has grown, and studies have revealed many 

facts. The background of this study indicated that males do have an influence on females during 

collaboration. A suggestion can be made for a study where the groups are separated by gender to 

observe how the groups learn without influence of the opposite gender, and more specifically 

how female groups can improve their self-efficacy and critical thinking skills without the 

influences of their male counterparts. In relation to the importance of this study, separating by 

gender would also help to display the different ways the genders think, at the end of which 

discussion could happen about the differences and similarities in thoughts between the genders. 

The females in this study agreed that they would have had a better learning environment without 

the males in their groups, thus with a study separating the males and females, more detailed 

conclusions could be drawn from this type of study. Teacher observation was limited to a 16-
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week observation window, by extending the timeframe to the second semester better data could 

be collected. By collecting data over the entire school year, data could be collected in different 

areas by separating the groups by gender and then by combining genders to compare the overall 

differences. In addition to these benefits, collecting data from a larger number of students would 

provide a wider range of data from performing the PBL. 

 Utilizing PBL instruction is beneficial for all students and assists them in developing 

their critical thinking skills. PBL is an excellent method of instruction for students to gain 

knowledge on working through and solving real-world problems (Misher, 2014). Additionally, 

studies could be conducted on how students work and solve these real-world problems while 

having fun. Students can become frustrated with trying to solve real-world issues and PBL 

allows them to thrive in situations where they feel they are more in control of what they’re 

learning.     

Conclusion 

 Butler’s (1988) feminist theory and Bandura’s (1998) self-efficacy theory combined to 

display how female students’ critical thinking skills and self-efficacy improved during the PBL 

unit. Butler’s (1988) theory indicated how educators need to allow female students to select their 

own roles in the classroom which would then allow them to perform at their capabilities. 

Additionally, by allowing the free thinking associated with the PBL, the female students 

enhanced their critical thinking skills and revealed an improvement with increased knowledge 

held by female students in all STEM subject areas. Bandura (1998) theorized that students with 

stronger self-efficacy accepted a challenge to solve a problem more frequently, which was 

revealed by how the female students in this study gained self-efficacy. The association between 

Butler and Bandura brought to light the fact that feminist theory and self-efficacy theory are 
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interconnected in this study of female students’ critical thinking skills and improved self-

efficacy. 

 Students greatly enjoyed problem-based learning, and the PBL was an effective strategy 

for improving students’ 21st century skills. PBL allowed students to find answers to real-world 

problems and understand how to utilize science, engineering, and math in their lives. Students 

enjoyed overseeing their own learning and could advance through the material at their own pace. 

By utilizing PBL in the classroom, instructors could facilitate more learning in an educational 

environment, and made math, science, and technology less intimidating for female students. 

Female students increased their self-efficacy through PBL, this also allowed them to utilize their 

critical thinking skills in a method that students enjoy far more than studying math and science 

problems from a textbook all day. Professional development would need to be introduced in 

schools to ensure all teachers know the process of PBL. Even if only a few of the teachers from a 

school attended professional development on PBL they would be able to return and act as 

trainers for their co-workers. PBL was enjoyed by the students and staff during this study and 

proved that it will be beneficial for all teachers and students moving forward in the 21st century.  
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Appendix A - Appendix A.3.1 S-Stem Survey 
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Appendix B -  Appendix B.3.2 Interview Questions 

What is your hardest subject in school and why do you believe this is true? 

How do you feel about being a scientist in the future? 

After completing our PBL, how do you see yourself with engineering now?   

What type of engineer would you like to be in the future? 

What type of inventions could you create for use in our community? 

Who are role models in your life that you would like to be like when you grow up? 

How have your critical thinking skills improved while completing this PBL? 

Do you feel more confident after completing the PBL? 

Would you like to add anything about this PBL that you believe would be helpful? 

How has it been working with the boys? 
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Appendix C - Appendix B.3.3 Interest Survey 

1. Student Name 

2. What is your race? White Hispanic Black Other 

3. What is your best subject?   Yes  No  Unsure 

4. What subjects do you need help? Yes  No  Unsure 

5. Are you confident in math?  Yes  No  Unsure 

6. Are you confident in science?  Yes  No  Unsure 

7. Do you enjoy STEM?   Yes  No  Unsure 

8. What career path do you want to take? 
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