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Abstract
This quantitative study sought to examine the role of self-efficacy on the enrollment decisions made by women for a second year of high school physics. Not enough information is known about why there is a significant decrease in the proportion of women in second year high school physics programs after their introductory year. This study took place in a suburban Midwestern high school. After screening for outlier data, logistic regression was used to develop three predictive models on enrollment decision. This study showed that only level of self-efficacy due to mastery experiences is a statistically significant predictor of second year high school physics enrollment among both men and women. This result was due solely to the significance mastery experiences plays for women. Based on the results, teachers and scholars could focus more on the number and quality of mastery experience opportunities in the classroom for women in courses like physics and possibly other STEM courses. 
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Chapter 1: Introduction
[bookmark: _Toc117501904]Background of the Study
Computing and information processing career options continue to grow and evolve into new potential pathways of success for students. Careers in data storage, management, and analysis are on the rise. The Bureau of Labor Statistics (BLS, 2020) projects that computer and information technology occupations will grow faster than any other occupation between 2020 and 2030 with an expected addition of over 660,000 new jobs. Part of this demand is driven by the growing emphasis in cloud computing, large data storage, and information security (BLS, 2020). Related to data management is the growing application and use of artificial intelligence (AI). Retailers are planning to invest in AI technologies by 2021, with 80% planning to invest for big data solutions, 77% for asset tracking solutions, 74% for cognitive computing, and 73% for tracking customer traffic (Neary et al., 2018). Mobile internet and cloud technology are some of the greatest technological drivers of change in retailers’ business models (Neary et al., 2018). 
Yet, amid all those plans for AI expansion, the U.S. is losing ground on its top market share of the capacity for AI development in supercomputing capabilities which contribute to an industry’s capacity for developing AI (Cahill, 2020; Tadjdeh, 2018). The greatest share of the 100 most powerful computers in the world continues to be held by the U.S.; however, this share has dropped from 43% to 37% between 2010 and 2019 (National Science Board, 2019), indicating that the U.S. is not growing as rapidly as other nations in computing and information processing. There is a significant need for the U.S. to increase its supercomputing capabilities not only for industry demands, but also to remain globally competitive. 
Unfortunately, the opportunity to participate in the information and technology boom predicted in the future by the BLS is not equally shared by both men and women. Women continue to be underrepresented in these fields. In 2022, 26.2% of computer/math and 17.4% of architecture/engineering occupations were held by women (U.S. Bureau of Labor Statistics, 2022). Limits on these opportunities can be found by looking at patterns in higher education for women. From 2000 to 2017, women earning a bachelor’s degree in computer science dropped from 28% to 19% (National Science Board, 2019). There is an underrepresentation of women across all levels of engineering higher education in 2018, when women earned 21.9% of bachelor’s, 26.7% of master’s, and 23.6% of doctoral degrees in engineering (Roy, 2018). 
What path should be strengthened if we are to enable women to participate more equally in science and engineering? According to the National Science Board (2019), strengthening science, technology, engineering, and mathematics (STEM) competencies in secondary schooling leads to a science and engineering capable workforce. One feasible way to bolster the number of women pursuing STEM careers is by providing more physics experiences in high school. In particular, students who take two years of physics are significantly more likely to pursue a career in STEM fields (Sadler et al., 2014). 
[bookmark: _Toc117501905]Problem Statement and Significance of the Study
Due both to limitations in students’ schedules and their narrowed focus on interests, it is typical for the number of high school students taking a first year of physics to be larger than those taking a second year of physics in high school (White & Tesfaye, 2014). These factors force students to make choices on which disciplines of science they will continue to pursue as a senior year high school student. Women disproportionally choose not to pursue physics as a senior in high school. This change in representation of women in high school physics can be seen by looking at Advanced Placement (AP) test data. In 2017, women made up 40% of AP Physics 1 test takers (College Board, 2017). AP Physics is an advanced level of introductory physics. The typical second year of advanced high school physics is separated into two semester long courses called AP Physics C, which is split into two separate semester courses with women making up 28.3% of the enrollment in mechanics and 24.3% in the electricity and magnetism course (College Board, 2017). Amid those disparities, there is a lack of understanding on why there is a disproportionately low percentage of women taking a second year of high school physics.
 The gender disparity in second year high school physics is significant because it represents a transition point in the STEM career trajectories of women that takes place after their first year of high school physics. Sadler et al. (2014) conducted a retrospective study of nearly 5,000 college students at 34 colleges and universities in the U.S. They found that women who enroll in two years of physics are more likely to pursue careers in STEM fields. For these reasons, it is important to identify factors that affect the second-year physics enrollment decisions by high school women. Veloo et al. (2015) studied secondary in Malaysia and found women have lower levels of interest in physics as well as lower attitudes regarding the importance of physics. Women’s perception of the significance of the topic of physics, as well as their beliefs in their own abilities, may play a role in second-year physics enrollment decisions. 
A growing number of researchers have highlighted the significant differences in the beliefs of men and women in math and science classes, including physics. These differences are not only found in the U.S., but also internationally. Scholars conducting research in the U.S., Croatia, United Kingdom, and Turkey all found women have lower levels of self-efficacy in math and science (Baran, 2016; Jugovic, 2017; Mujtaba & Reiss, 2016; Nix et al., 2015). A narrowed body of research reveals specific differences in self-efficacy in physics. For instance, Suana (2018) found women had lower levels of internet self-efficacy, defined as their belief that they can learn physics using internet-based materials. 
A growing number of researchers have demonstrated differences in levels of self-efficacy between men and women. Not only are these differences found in math and science, but also in physics. The factors that contribute to a lower level of math and science self-efficacy among women are not fully understood. Little research exists regarding the role that self-efficacy plays in the decision to enroll in a second year of high school physics. The present study built on the work of Sadler et al. (2014) and Suana (2018) by examining the role self-efficacy plays in predicting enrollment decisions made by high school women in advanced physics courses. The results of the study can explain factors that contribute to the decreased proportion of women in second year high school physics courses. This quantitative study generated three models. The first included all students and determined the impact of self-efficacy on enrollment decisions by all participants. Separate models for men and women were also generated to examine gendered differences in the impact of self-efficacy on enrollment decisions in physics. 
[bookmark: _Toc117501906]Theoretical Foundations
Bandura (1977) theorized that one’s belief in success at a task serves as a behavior affecting motivator. Students’ self-efficacy beliefs guide what they believe they can and cannot do as well as what they can and cannot be (Bembenutty, 2007). Bandura described that students’ level of self-efficacy is derived from four components: personal mastery experiences, vicarious learning experiences, social persuasion experiences, and physiological state. The belief in the success at a task can encourage students to attempt the task. Efficacy can “determine whether coping behavior will be initiated, how much effort will be expended, and how long it will be sustained in the face of obstacles and aversive experiences” (Bandura, 1977, p. 191). Therefore, the experiences of first-year physics students may establish their level of physics self-efficacy and these beliefs of success in physics may impact future actions taken related to physics.
The level of self-efficacy not only indicates how an individual assesses their current ability to perform a task but also includes their belief in their ability to learn a new task (Sakiz, 2008). A lower sense of self-efficacy could have a major impact on student choice to enroll in a second and more challenging physics courses. The decision to enroll in a second year of high school physics with the increased math prerequisite is an indicator of perseverance. The actions of teachers may impact the self-efficacy of students directly through verbal persuasion. Those who are verbally persuaded that they are capable of success in difficult situations and given aid for action are more likely to harness greater effort (Bandura, 1977). Self-efficacy theory provides a mechanism for understanding when and why students attempt tasks they see as difficult. 
The choice to persevere despite perceived or experienced difficulties is governed by social cognitive theory. In social cognitive theory, a person will regulate their behavior through an application of moral standards. These moral standards formulate the cognitive rule structures which guide self-monitoring, self-evaluation, and self-sanctions (Bandura, 1990). The dualistic view of how person and society relate is foundational to social cognitive theory. Self-sanctions or regulations keep individuals’ conduct in line with their internal standards formed through a personal perspective on how society expects them to behave. 
Self-regulatory behavior, and what drives it, is essential to perseverance and enrollment decision in a second year of high school physics. Many students find first-year physics a very challenging course, and for some, first-year physics is their first demanding science course. Interest in the topic alone is not enough to choose to take a second year of high school physics. Students who continue despite the challenges display perseverance. Women’s perseverance must not only address the challenging topic of physics, but they must also overcome their own sense of science identity. Men are more comfortable identifying themselves as scientific than women are (Zhao, 2021). The level of scientific identity is critical to persistence in STEM majors. Women who have a higher level of scientific identity are more likely to persist in STEM fields (Zhao, 2021). If women do not identify themselves as scientific or strong physics students, then social cognitive theory indicates that additional coping effort will not be employed. 
[bookmark: _Toc117501907]Researcher’s Positionality
The researcher is a career high school physics educator with 22 years of experience in the classroom. This teaching experience includes the teaching of physics to all ages of high school students from freshmen to seniors and all levels from physical science to AP calculus-based college level physics. It is from these experiences that the enrollment patterns of women have become evident in upper-level physics courses. 
Addressing the decreased representation of women in second year high school physics has personal significance to the researcher. The lens through which this study was conducted and analysed included personal experiences of access to advanced physics courses and a desire to give access to as many future students as possible. This researcher’s access to advanced high school physics was impacted by the researchers’ race, socio-economic status, and environment. Access was easier considering the researcher is a middle-class White male with strong encouragement of the importance of math and science at home. However, these experiences can narrow one’s perspective on the difficulty of others trying to gain similar access to advanced high school physics. Of particular importance are role models in the decision-making process. The researcher’s father, an electrical engineer, as well as a personal connection with past physics instructors, influenced his perspective on pathways to access advanced physics. This experience is not necessarily typical of all those students who are enrolled in a first-year physics course and faced with the decision on whether to continue down a STEM career pathway. 
[bookmark: _Toc117501908]Purpose of the Study
	The purpose of this study was to examine the role self-efficacy played in the enrollment decisions by women at the end of their introductory physics course. If educators understand the impact of Bandura’s (1977) four sources of self-efficacy on enrollment decisions by women, they can adjust school practices that support women’s enrollment in physics. This study sought to explore how Bandura’s four components impact the enrollment decisions of students. This research identified the role of self-efficacy in the enrollment patterns of high school students through a quantitative analysis. Commonly studied variables related to enrollment patterns, including physics knowledge growth and introductory physics course grades, were controlled. A model was generated to explore the role sources of self-efficacy played for all students. Additionally, two more models disaggregated by gender assessed whether the impact of sources of self-efficacy on advanced physics enrollment differ between men and women. 
Research Questions
Women at the research site made up nearly half of the students taking a first-year physics course. However, at this same site, women only make up 25% of those enrolled in a second year of high school physics. The decrease in the proportion of women taking a second year of high school physics as compared to men drives the two central research questions in this study: 
RQ #1: Is self-efficacy a significant predictor of enrollment decision of high school students in second-year physics? 
RQ #2: Are there significant differences between men and women on the impact of self-efficacy on second year high school physics enrollment decision?
[bookmark: _Toc349720623][bookmark: _Toc350241667][bookmark: _Toc351528688][bookmark: _Toc117501909]Rationale for Methodology 
Quantitative correlational research using logistic regression was an appropriate choice for this study given that the dependent variable (i.e., enroll or not enroll) is categorical (Mertler & Vannatta, 2013). This study included the independent variables of gender (categorical), semester one grade (categorical), achievement on the Force Concepts Inventory (FCI, continuous) and the four components of self-efficacy (continuous). These four components include: mastery experiences, vicarious experiences, social persuasion, and physiological state. In addition, the predictor variables in a logistic regression include no assumptions on their distributions. Normal distributions, linear relationships, and equal variances within groups are not required (Mertler & Vannatta, 2013). This methodological approach addressed the research question while providing the necessary flexibility for the data analysis. 
The setting for this study was a high school in Illinois. Juniors enrolled in a first-year AP physics course were purposefully sampled. Purposeful sampling best describes the sampling method chosen for this sampling frame. The researcher not only chose participants readily available, but also those with specific common characteristics for this study. The participants had chosen to enroll in a first year of high school physics. This choice placed a degree of limitation on generalization of results, or how well the researcher can say with confidence that the participants are representative of the population (Creswell & Guetterman, 2015). Students in the sample were located at the high school in which the researcher is employed, contributing to the convenience or access to participants. All students taking AP Physics 1 were invited to participate in the study and were included upon parental and participant consent. 
The study utilized the Sources of Self-Efficacy in Science Courses - Physics (SOSESC-P) survey and was administered to 138 AP Physics 1 students. Demographic information and students’ decisions to enroll in physics for their senior year were also gathered. One area of concern was achieving the necessary number of participants. Peduzzi et al. (1996) explored the importance of events per independent variable (EPV) for logistic regression analysis. That research implicated a turning point at 10 EPV. In the case of this study, the minimum event would be a first-year high school physics student choosing to take a second year of high school physics. This study controlled for physics knowledge growth through the administration of the FCI as well as first semester physics grade. The four components of Bandura’s (1977) self-efficacy, along with gender, resulted in seven independent variables. With seven independent variables, the study needed 70 students in the sample choosing to take a second year of high school physics at the research site. 
[bookmark: _Toc117501910]Definition of the Terms
For the purposes of the current study, the following terms and definitions will be applied.
Advanced Placement Physics 1: This is an algebra based yearlong introductory college-level physics course (College Board, 2020).
Advanced Placement Physics C: This a calculus-based college-level physics course appropriate for student planning to major in engineering or other physical sciences. Physics C is comprised of two one semester courses with the first consisting of mechanics and the second consisting of electricity and magnetism (College Board, 2020).
Gender and Sex: The term gender is more complicated than sex. Gender is determined by how individuals identify or diverge from cultural expectations assigned at birth based on sex designation. Sex is based on biology and assigned at birth as female or male (Hendrix et al., 2016). This study focused on how students internally view their potential for success. Therefore, it is more appropriate to examine differences in results based on gender rather than sex.
Self-efficacy: This is a person’s perception of their ability to successfully execute a behavior required to produce a desired outcome (Bandura, 1977). Bandura’s definition of self-efficacy includes four main sources. Mastery experiences include both personal experiences of success which strengthen perceived self-efficacy, while personal failures undermined perceived self-efficacy (Bandura, 1998). Vicarious experiences include the act of observing others succeed and fail at desired tasks (Bandura, 1998). Social persuasion experiences are those when others attempt to influence human behavior, often through verbal suggestions (Bandura, 1977). The fourth source, physiological state, includes emotional arousal, tension, anxiety, mood, aches, pains, and fatigue (Bandura, 1998). 
[bookmark: _Toc351528692][bookmark: _Toc117501911]Summary and Organization of the Remainder of the Study
Sadler et al. (2014) explored the role of advanced high school coursework on STEM career interests. Their research demonstrated a strong connection between taking a second year of high school physics and STEM career pursuit. There exists a decrease in the proportion of women in second-year high school physics when compared to first-year physics classes. This study explored the importance of students’ self-efficacy and the role its sources played in the enrollment decisions of students. Chapter 2 will provide an in-depth literature review of the research relevant to the problem of limited representation of women in STEM fields as well as how self-efficacy impacts decision making in STEM career paths. Chapter 3 will describe the methodology used, rationale for this methodology, research design and procedures followed in this study. Chapter 4 will detail how the data were analyzed and present the results. Chapter 5 will provide a discussion on the implication of these results on future practices of educators and how the results add to the existing body of research. 



[bookmark: _Toc117501912]Chapter 2: Literature Review
[bookmark: _Toc117501913]Introduction and Rationale for Researching the Problem
The proportion of women in science and engineering careers is growing; yet, women are still underrepresented in some of the fastest growing occupations (Moore et al., 2013). In 2003, women comprised 26% of the science and engineering labor force. Over the course of 14 years, this share has grown, but only to 29% (National Science Board, 2020). The underrepresentation is evident but varies when looking within the fields of science and engineering as reported by the National Science Board (2020) shown in Table 1. Women are gaining parity with men only in the life sciences. Physical sciences, and the occupations associated with them, still demonstrate an inequity of representation by women. 
Table 1
Representation of U.S. Women in Science and Engineering Fields in 2003 and 2017
	Field of Study
	% in 2003
	 % in 2017 

	   Engineering
	10
	16

	   Computer Science and Math
	28
	27

	   Physical Science
	29
	29

	   Life Sciences
	40
	48


Note. Table adapted from National Science Board (2020).
The Bureau of Labor and Statistics (BLS, 2020) projects that computer and information technology will grow faster than any other occupation between 2020 and 2030 with the projected addition of over 660,000 new jobs. Artificial intelligence (AI) and the management of data are two STEM careers where an opportunity and demand for an increased labor force exists. Originally conceived in the 1950s, AI began as an academic concept with limited practical applications, however, with the rise of Big Data and computing power, AI is a part of the business conversation (Haenlein & Kaplan, 2019). The core of AI is to enable a system to interpret external data, learn and modify algorithms from this data, and then apply these modified algorithms to achieve specific goals via this adaptation (Haenlein & Kaplan, 2019). There is a growing industrial emphasis in cloud computing, large data storage, and information security (BLS, 2020). The ability to gather and store data has grown tremendously and has been noticed by retailers. Retailers are planning to invest in AI technologies solidifying the responsibility of educators to prepare a labor force to meet that demand (Neary et al., 2018). 
[bookmark: _Toc117501914]Factors Impacting Underrepresentation of Women in STEM Careers
Low Representation and Enrollment Along STEM Career Pathways
	Trends in pathways to a STEM career have been traced backwards from graduate degrees earned, majors of study in college, and high school enrollment decisions. Patterns were evident all along this pathway leading to underrepresentation of women in STEM careers. Gender differences have even been found in authorship positions of published research articles. Holman et al. (2018) reviewed 36 million STEM related articles published over 15 years and found women to be underrepresented in both single authors and senior last author position. The underrepresentation of women in STEM authorship was also confirmed by Sauder et al. (2022) in the medical field. These researchers found that first authorship positions were held by men in 71.8% of publications and senior author position was held by men 82.3% of the time. Longitudinal analysis indicates that the gender parity in physics publications is predicted to occur in 258 years given the slow rate of growth in representation by women (Holman et al., 2018). In reviewing the possible causes for the underrepresentation of women in scholarly publications, Hosseini and Shiva (2021) found that women believe that gender roles and gender biases inhibited access to academic opportunities for publication.
Another contributing factor to the underrepresentation of women in STEM careers is evident when examining the patterns in the degrees awarded to women. Researchers who have aimed at examining these patterns have highlighted a split within STEM fields. The majority of bachelors, masters, and doctoral degrees in biological and medical sciences historically have been awarded to women (Moore et al., 2013), which continues to be validated by more current studies (National Science Board, 2019). When looking at the physical science branch of STEM fields (pSTEM), the representation of women has fluctuated but has always trailed that of men. In the middle 1980s, women comprised 36% of bachelor’s degrees in computer science, but this value declined to 20% by 2006 (American Association of University Women, 2010). A composition of pSTEM bachelor’s degrees including physical science, engineering, and mathematics showed the same results. Women were awarded 24% of bachelor’s degrees and 25% of doctoral degrees (Stout et al., 2016). Work by the American Society for Engineering Education continued to demonstrate underrepresentation of women in engineering across all levels of higher education in 2018, when women earned 21.9% of bachelor’s, 26.7% of master’s, and 23.6% of doctoral degrees in engineering (Roy, 2018). 
The National Center for Educational Statistics (NCES) analyzed data on trends for college students changing their majors from their original field of study. The NCES (2017)  indicated that STEM fields had higher incidences of changes (35%) than non-STEM fields (29%). Additionally, the NCES findings showed that university students in STEM-related majors were more susceptible to changing away from a STEM field. When these patterns were disaggregated by gender, the impact on underrepresentation of women in STEM careers was more evident. Ferrare and Lee (2014) indicated that women were 1.5 times more likely than men to switch from a STEM major to a non-STEM major in college. Fewer women finishing with STEM degrees negatively impacts the number of women in the STEM workforce (National Science Board, 2020). 
Enrollment factors affecting STEM career trajectories of students are evident as early as high school. The NCES (2022) examined the percentage of students who graduated high school having taken core science classes and found that 97% took a biology class, 76% took a chemistry class, and 40% took a physics class. The data showed that the number of students beginning their career STEM trajectories specifically aimed at science and engineering fields is lower than other STEM career pathways. However, an analysis of advanced physics courses in the high school revealed the underrepresentation of women on science and engineering pathways. Women are historically underrepresented in college level Advanced Placement (AP) courses taken in high school. The College Board (2017) provided statistics on gender demographics across all AP courses in 2017. AP Physics C is the equivalent of freshmen engineering college physics where the curriculum includes calculus. This AP course is separated into one semester of mechanics and one semester of electricity with magnetism. In 2017, less than 30% of AP Physics C students were women (College Board, 2017). These two semester AP courses and their subsequent exams are typically taken as a second year of high school physics. A possible, and often chosen, first-year physics course would be AP Physics 1. In 2017, women made up 40% of test takers, which indicates the decline of STEM career trajectories due to lower course enrollment for women began before they enter college. The decline becomes evident in the high school when students move from their first to second year of high school physics.
The underrepresentation of women in STEM fields as indicated by lessor participation in high school physics is not limited to just the U.S. Kennedy et al. (2014) collected longitudinal data in Australian states and territories between 1992 and 2012. Included in each year’s data set were nearly 200,000 enrollments. The findings showed that enrollments in physics have declined over the study period. The researchers also studied the ratios of women to men of those enrolled in each of the science courses. Physics had the lowest women to men ratio and declined from 0.3 to 0.25 over the data period while the ratio in biology is steady between 0.6 and 0.65 over the data set period (Kennedy et al., 2014). 
External Influences Affecting STEM Career Pathways
The choice of women to purse a STEM career is impacted by their experiences and interactions with environmental factors related to gender roles and gender stereotyping. The term gender is more complicated than sex. Sex is based on biology and assigned at birth leading to the male and female designations (Spencer & Capuzza, 2016). Gender identity refers to how an individual identifies or diverges from cultural expectations assigned at birth (Spencer & Capuzza, 2016). These cultural expectations, as perceived by women, influence their personal choice to purse STEM careers with an emphasis on physics and engineering. 
Using a working definition of woman or girl as opposed to female comes with challenges to existing research. Scholars have historically used sex and gender interchangeably in their research (Bittner & Goodyear-Grant, 2017). The blending of sex and gender, coupled with a binary distinction, leads to a confusion on interpretation or application of the results to a particular gender. Respondents on surveys can select their gender if the question is posed, but there will be some variance if a choice of sex is the only available response. Furthermore, interviewers do not always give the interviewee the choice of declaring their gender but rather the interviewers make this determination (Bittner & Goodyear-Grant, 2017). The confusion between sex and gender complicates interpretations of scholarly research. The concept of how gender is different than sex is important to how women believe others view them in society.
The experiences and choices that women make during their schooling years is driven by assumptions and biases about their gender and its role. Gender roles are a set of culturally appropriate traits, behaviors, and interests for a gender (Jugovic, 2017). People are more likely to associate careers in math and science with men rather than women (American Association of University Women, 2010). These societal assumptions then impact the construction of our own identity. We learn that characteristics that describe what it is to be masculine and feminine are not determined in a biological characteristic but are learned through the social context we experience (Windsong, 2018). What we learn, and how we apply what we believe to groups, results in stereotypes. The assumptions or generalized beliefs about women make up a gender stereotype (Jugovic, 2017).
The existing body of research concerning gender stereotypes and underrepresentation in STEM repeatedly focused on the concepts of community and agency and how different genders view them. Agency is the drive of an individual to use ambition and personal skills for goal achievement and self-promotion (Abele & Wojciszke, 2007). Often viewed in opposition to agency is communion, where one strives to use personal skills to advance the benefit the community or larger society (Abele & Wojciszke, 2007). Interviews and analysis of the prior experiences of research participants led Abele and Wojciszke to categorize motivations for action to benefit either the self or others. Women are stereotyped as being more communal and men were stereotyped as displaying more behaviors associated with agency (Abele & Wojciszke, 2007). As related to STEM, women are more likely to endorse communal goals and hold the belief that STEM careers restrict communal goals whereas men endorse agentic goals more than women, but only marginally (Diekman et al., 2011). 
	Later researchers built on these results to go beyond the application of gender differences in community and agency to STEM and non-STEM careers. Stout et al. (2016) investigated gender differences within a smaller subset of STEM. They investigated gender differences in the physical science portion of STEM (pSTEM) from behavioral science careers. Physical science fields and engineering are believed to encompass working individually with inorganic matter, and employees or researchers are personally compensated well for discoveries (Stout et al., 2016). These perspectives are in opposition to the view that biological and behavior fields afford opportunities to help and work with others (Diekman et al., 2010; 2011). Their results showed that women view pSTEM careers as being more agentic (Stout et al., 2016). The perceptions held by women on engineering or physics related careers, coupled with the stereotype that women are more communal, gave evidence for a lower lack of interest in pSTEM fields by women. The gender divergence within STEM fields between biology and the physical sciences is rooted both in gender stereotypes and assumptions about STEM fields of study. 
	The polarized views about the characteristics of physical science fields versus biological fields in STEM careers leads to conflict and negative effects on women when gender assumptions are applied. The anxiety felt by an individual that arises from the negative assumption of group characteristics is stereotype threat (Beasley & Fischer, 2012). Stereotype threat is often experienced by women working in agentic occupations such as science and engineering. Careers in engineering are viewed as more masculine and therefore women working in those fields are often viewed as less competent (American Association of University Women, 2010). A woman’s success in this assumed masculine career leads to less likability by peers. The combination of low assumed competency and likability lead to less women pursuing jobs in engineering (American Association of University Women, 2010). 
	Gender differences exist in how trusted adults encourage students who are considering a STEM career. Mujtaba and Reiss (2016) found that the support and encouragement that women receive in their post-16 education impacted their aspirations. They found that high aspiring women had a lower mathematics self-concept than the high aspiring men. Between genders, the high aspiring men still received more support than high aspiring women (Mujtaba & Reiss, 2016). These results are true not only of adult support and encouragement from adults in the classroom, but they also applies to parental support and encouragement from parents received by study participants (Mujtaba & Reiss, 2016). 
Internal Influences Affecting STEM Career Pathways
The underrepresentation of women in STEM college majors, and therefore the underrepresentation of women in STEM career pathways, is also affected by internal factors. While the low enrollment of women in STEM fields is impacted by many factors, initial and continuing interest in the topic of math and science learning did not appear to be a key factor to Laefer (2009), who tracked women over the course of four years in high school. Women had lower levels of interest in math and science learning than men, but this difference was only about 10% (Laefer, 2009). Enrollment figures at the high school in the study were slightly higher for enrollment and achievement of women in major math and science courses except in physics and calculus. That difference indicated the beginning of the shift in enrollment patterns between women and men in college courses begins in later high school when engineering specific courses are chosen (Laefer, 2009). These results disagree with both the work of Hardin and Longhurst (2016) as well as Veloo et al. (2015), who found men had a significantly higher level of STEM interest in and careers in physics than women. 
The connections between STEM interest and physics courses were studied by Sadler et al. (2014), who confirmed enrollment patterns in high school impact future STEM college choices. Their research explored the role of advanced high school coursework on STEM career interests of college students. After controlling for prior interest, students taking a second year of physics were found to have larger career STEM interest (Sadler et al., 2014). Nix et al. (2015) analyzed the longitudinal perspectives of men and women in STEM degree fields also demonstrated implications for enrollment patterns. This study built upon existing research to look at the role of a student’s beliefs about mathematics material and how these beliefs influence persistence in scientific fields. The data collected came from the Educational Longitudinal Study conducted by the National Center for Educational Statistics. Their results showed that young women were less likely to report a growth mindset than young men. Compared to men, women were 24% less likely to complete both Chemistry II and Physics II (Nix et al., 2015). Therefore, gender negatively predicted advanced course taking.
STEM interest has been found to have two traditional predictors, self-efficacy and how agentic STEM careers are viewed by individuals. Diekman et al. (2010) explored the impact both internal factors had on STEM interest. The quantitative study of college students showed that participants believed that STEM careers impede communal goals. Additional findings indicated that communal goal endorsement negatively predicted STEM interest (Diekman et al., 2010). Coupling these results with those of Abele and Wojciszke (2007), who demonstrated the strength of communal goal orientation by women, the mutual research results provide some explanation for the lower interest women have for STEM fields found both by Laefer (2009) and later by Veloo et al. (2015). Women with strong communal goals are not interested in STEM careers because they believe those professions are more agentic than communal. 
The second common internal factor explored for impact on STEM interest is self-efficacy. Bandura (1977) theorized that one’s belief in success at a task serves as a behavior affecting motivator. These self-efficacy beliefs guide what we believe we can and cannot be (Bembenutty, 2007). Bandura’s general theory was verified when applied to specific fields of study including STEM careers. A person’s level of self-efficacy was found by Diekman et al. to be a strong predictor of STEM interest. These findings have continued to be verified by additional research by Dou et al. (2016), who found self-efficacy played a major role in career decision making after controlling for academic attainment and aptitude. Students who had high levels of self-efficacy in a particular field of study were more likely to set goals and pursue careers in that field (Dou et al., 2016).
The theory of self-efficacy posited by Bandura (1977) is broad in how results of studies demonstrate impact on STEM interests. To gain better insight into how to affect change in populations making decisions about STEM careers researchers began to use Bandura’s theory in more specific ways. Areas of research drawn from Bandura’s theory concentrated on the different dimensions of self-efficacy. Raelin et al. (2014) explored three dimensions of self-efficacy—work, career, and academic—and focused on significance and gender differences in one’s belief in success within their workplace, an engineering career, or within the classroom setting. Raelin et al. also explored the effects of those dimensions on retention in STEM fields of study in college. Findings suggested that academic self-efficacy was critical to retention in STEM programs in all longitudinal time periods for women (Raelin et al., 2014). In other words, women’s belief in their success in STEM continually and significantly impacts STEM retention. 
In addition to exploring the different dimensions of self-efficacy, researchers looked to identify the importance of the sources of self-efficacy. Bandura (1977) proposed that a person’s belief in success at a task is rooted in four sources: mastery experiences, vicarious learning, verbal persuasion, and physiological state. Mastery experiences are derived from personal experiences of success while vicarious learning occurs when an individual observes the success and failures of others. Social persuasion is impacted by actions of one individual to persuade or affect another’s behavior while physiological state is derived from how an individual feels after completing a task.
Bandura (1977) claimed that of the four sources of self-efficacy, mastery experiences is the most significant contributing factor to an individual’s overall level of self-efficacy. While confirmed by Kiran and Sungur (2012), the significance of Bandura’s four sources of self-efficacy has been mixed in past research. In qualitative interviews by Zeldin et al. (2000, 2008), men drew upon mastery experience as the primary source of the self-efficacy in STEM careers whereas women drew mostly on social persuasion. These results coincide with Lindstrom and Sharma’s research (2011)—they found that women are more receptive to feedback which in turn moderates their level of self-efficacy. Coyle (2001) also employed semi-structured interviews in a similar fashion to Zeldin et al. and found social persuasion to be impactful on women’s sense of math career self-efficacy. However, vicarious experiences were also significant to women’s math self-efficacy (Coyle, 2001). Other research has indicated yet another source of self-efficacy as most significant to women in STEM contexts, physiological state (Kiran & Sungur, 2011). While there is agreement in research that self-efficacy has a strong connection to STEM interest, there does not appear to be a consensus on the most impactful source of self-efficacy for both men and women. 
Summary and Integration of Research
	Career options evolve with technological advancement. Growing STEM career pathways in data management and artificial intelligence present an opportunity for today’s young workforce (Neary et al., 2018). As indicated by enrollment patterns, women are underrepresented in science and engineering careers, higher education STEM majors, and in high school STEM pathways (Kennedy et al., 2014; Moore et al., 2013; National Science Board, 2020). The decisions of women along STEM career pathways are influenced by both external and internal factors. Sadler et al. (2014) found a critical decision-making moment for women in high school and its effect on future STEM career pathways. This pivotal moment is when a student chooses whether to take a second year of high school physics. While the moment of importance has been identified, research is lacking on what should be done to facilitate and support women in their choice to take a second year of high school physics. Sawtelle (2011) began to address this gap in research by studying the decision-making process of women in college level physics programs. Sawtelle sought to address a gap that currently exists in the field for how this decision-making process impacts younger students in the high school setting. 
The theoretical foundations of this study were chosen to form a lens from which to view the decision-making process of high school students. The two theories that comprise this framework—self-efficacy and social cognitive theory—shed light on how experiences guide motivation and effort in the face of difficulty (Bandura, 1977; Bembenutty, 2007). Specific strategies utilized by teachers during this critical point in students’ STEM career trajectory may need to be tailored to different genders. As societal expectations and gender are linked, it is challenging to isolate and draw conclusions on the singular variable of gender. Discussion of the findings from this study included a holistic understanding of the participants as both women and physics students. It did not isolate them as either one or the other. Chapter three describes the quantitative research methodology to explore the connection between level of self-efficacy and future physics course enrollment. Chapter 4 will detail how the data were analyzed and present the results. Chapter 5 will provide a discussion on the implication of these results on future practices of educators and how the results add to the existing body of this research. 
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This study sought to examine the role of self-efficacy in predicting the likelihood of women enrolling in a second year of high school physics. These results contributed to better understanding the degree of importance of student self-efficacy to increase enrollment in physics by women. Sadler et al. (2014) have already demonstrated that students who take a second year of high school physics are more likely to pursue a career in a STEM field. Women are underrepresented in STEM fields, providing a need for researchers to explore how the experience of women affect career trajectories. The results demonstrated that level of self-efficacy is a significant factor in the decision-making process to enroll in a second year of high school physics beyond models that rely on physics content knowledge alone. 
Chapter 3 will describe the quantitative analysis used to explore the relationship between self-efficacy and enrollment decisions on second-year physics courses. The population studied, the sample selected, and the instruments used will be discussed. The validity and reliability of the chosen instruments will be detailed. Next, the data collection procedures and analysis procedures will be explained. Chapter 3 will then move on to discuss the sources of data in this research study. The validity and reliability of the Sources of Self-Efficacy in Science Courses - Physics (SOSESC-P) scale will be addressed. Finally, the data collection and analysis procedures will be discussed along with ethical considerations and limitations of the study. 
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[bookmark: _Toc349720638][bookmark: _Toc350241682][bookmark: _Toc351528703]Women disproportionally choose not to pursue physics as a senior in high school. This change in representation of women in high school physics can be seen by looking at Advanced Placement (AP) test data. In 2017, women made up 40% of AP Physics 1 test takers (College Board, 2017). AP Physics is an advanced level of introductory physics. The typical second year of advanced high school physics is separated into two semester long courses called AP Physics C, which is split into two separate semester courses with women making up 28.3% of the enrollment in mechanics and 24.3% in the electricity and magnetism course (College Board, 2017). Amid those disparities, there is a lack of understanding on why there is a disproportionately low percentage of women taking a second year of high school physics.
[bookmark: _Toc117501918]Research Questions
One possible factor that drives the decision making process for students in course selection is self-efficacy. The research questions to be addressed by this study are:
RQ#1:  Is self-efficacy a significant predictor of enrollment decision of high school students in second-year physics?
RQ#2: Are there significant differences between men and women on the impact of self-efficacy on predicting second year of high school physics enrollment decision?
The dependent categorical variable for this study was enrollment decision (ENRD) in a second year of high school physics as indicated on the Participant Demographics Survey (Appendix A). The enrollment status is defined as either Yes or No. The continuous independent variables were sources of self-efficacy. The sources of self-efficacy were measured using the SOSESC-P scale along four dimensions: physiological state (PS), mastery experiences (ME), vicarious learning (VL), and social persuasion (SP). Levels of the dimensions of self-efficacy was measured from the administration of the SOSESC-P (Appendix C). In addition to level of self-efficacy, gender was also an independent variable in this research study to determine if there are differences between men and women in the role that self-efficacy plays in second-year physics enrollment decisions. 
[bookmark: _Toc349720639][bookmark: _Toc350241683][bookmark: _Toc351528704][bookmark: _Toc117501919]Research Methodology
Quantitative methodology was appropriate for this research study due to the complex nature of the variables involved. The complexity of human actions and decisions necessitated multivariate statistics because the variables of this study do not co-exist in isolation (Mertler & Vannatta 2013). This study included the variables of achievement, gender, level of self-efficacy and course enrollment decision, which do not exist independently of each other in students’ actions and decisions. The first research question was addressed by a regression model including all participants to examine the impact of self-efficacy on decision to enroll in physics. This first model controlled for semester one grade and physics knowledge measured on the Force Concept Inventory (FCI, Hestenes et al., 1985). Addressing research question two necessitated the generation of two separate models with one including only men and the second only women. The differences in models were used to identify how gender and self-efficacy impacts enrollment decisions in physics. 
[bookmark: _Toc349720640][bookmark: _Toc350241684][bookmark: _Toc351528705][bookmark: _Toc117501920]Research Design
	This research study utilized a survey instrument designed to gather demographic information and to assess the student’s level of self-efficacy. This instrument was adapted from the SOSESC-P (Fencl & Scheel, 2005). To control for physics knowledge growth (PKG), scores from the FCI (Hestenes et al., 1985) were also collected in a pre and post-test format. Additionally, semester one grades (S1G) were also collected and used as a control in this study. The demographic information gathered included gender, grade level, current mathematics course, semester one physics grade, and science course selection for next year. Inclusion of grade level and math course level provided insight into the general makeup of the participants. 
Most participants were junior year students, but there were some sophomores included who were eligible to participate. The science course enrollment decision (ENRD) of physics was the dependent variable for the study. Level of self-efficacy (LSE) measured by the SOSESC-P, as well as gender, were the independent variables. The level of self-efficacy score was further disaggregated by each of the four sources as proposed by Bandura (1977): mastery experiences (ME), vicarious learning (VL), social persuasions (SP) and physiological state (PS). 
Bandura’s (1977) theory of self-efficacy includes expected sources where an individual derives their sense of perceived abilities. These sources include mastery experiences, vicarious experiences, verbal persuasion, and physiological states (Bandura, 1977). In the physics classroom, mastery experiences include feedback on written assessments such as tests or laboratory reports. Unlike mastery experiences, vicarious experiences involve the observations of the experiences of other students (Bandura, 1977). In the physics classroom this may take the form of a student watching another student present a solution to the class. How the class and teacher respond to the accuracy of the student’s response makes up a vicarious experience. Social persuasion results from the conversations whereby and individual attempts to influence the behavior of another (Bandura, 1977). An example of this could be when a teacher provides reassurance to struggling students that they can solve the problem or the guidance on how to approach the solution. The physiological states include the mood that physics students find themselves in and can include arousal, tension, or anxiety (Bandura, 1977). 
[bookmark: _Toc117501921]Study Population and Sample Selection
The setting for the study was a large suburban Midwest high school. The school has a measure of relative stability with a 94% graduation rate, 96% teacher retention rate and only a 3% student mobility rate (Illinois State Board of Education [ISBE], 2019). The over 4,000 student enrollment is composed of 12% low income students and 11% of the students have individualized education programs (IEPs). The school was composed of 72% White, 20.2% Hispanic, 3.5% Black, 2.2% Asian, 0.1% American Indian, and 2% multiple race (ISBE, 2019). Thirty one different AP courses are offered to the students for opportunities to earn college credit with 84% of students going on to postsecondary enrollment. The state of Illinois utilizes the SAT as a measurement of student academic progress and 98% of the students at this high school participated in their junior year. The average student score in both mathematics and English were above the state averages. 
The study population consisted of students who had the opportunity to take a second year of physics while in high school. A population is a group of individuals who share a common characteristic, the target population or sampling frame are those which a researcher can identify and study (Creswell & Guetterman, 2015). Purposeful sampling was used to select the participants: those invited to participate were currently enrolled in a first-year physics course. Additionally, there was a level of convenience in this choice of using those most readily available to the researcher at the site (Creswell & Guetterman, 2015). The identification of eligible participants began with targeting those currently enrolled in AP Physics 1, which included sophomores, juniors, and seniors. Seniors were excluded from the sample as they did not have an opportunity for further high school course enrollment. The second year of physics offered at this high school is AP Physics C. There are two prerequisites of enrollment in this course. The first is successful completion of AP Physics 1 with a grade of B or better and the second is credit or concurrent enrollment in an AP calculus course. Therefore, sophomores in AP Physics 1 who are enrolled in pre-calculus were allowed to participate. All students who met these criteria were invited to participate, yielding a sample size of 124 students. Of the 124 participants, 64 identified as men and 60 identified as women, as indicated on the student demographics survey instrument. 
Informed assent was obtained from participants and informed consent was obtained from their parents due to their status as current high school students. Hard copies of the Informed Consent and Informed Assent were distributed to participants. Data on participation was collected by the researcher and did not involve the individual classroom teachers. The letters of consent and assent briefly summarized the purpose of the study and the timeline for data collection. There were no reasonably foreseeable negative consequences associated with their participation in this study or if they choose not to participate. Participants were informed that they may choose to discontinue participation at any time without any consequences for withdrawal or refusal to participate. Participants were informed that personal information will be kept confidential at all times through the use of student ID numbers. This unique ID number was included on the letters of consent, surveys, and assessments given as part of this study. The researcher was the only one who has access to this data except for the FCI. Individual teachers will have access to FCI scores as this is part of the yearly high school curriculum.
[bookmark: _Toc117501922]Instrumentation
Two separate instruments were administered simultaneously and both were linked to  participants via a school generated student ID number. The student ID number was the only way to associate the responses with participants. The list of participant names and coupled ID numbers were kept securely and electronically by the researcher on a laptop computer. The data for this study was sequentially collected according to a timeline coinciding with the school’s timeline for student course selections for the following year. The FCI is given yearly in mid-January of each school year and data were available for collection after the second week of January after all necessary approvals were obtained. The Student Demographics Survey and SOSESC-P were given after students selected their course for the following school year, usually by the third week in January, after all approvals were obtained. The administration of the FCI and student enrollment dates were determined by the high school research site. 
Force Concepts Inventory and Semester One Physics Grades
	To control for the level of physics knowledge growth, the FCI (Hestenes et al., 1992) was administered to all participants (Appendix B) at the beginning of the school year and after the concepts of force had been taught. The FCI is composed of 29 multiple choice questions designed to assess a student’s understanding of the nature of the force concept. Each item is equally weighted yielding a range of scores from zero to 29. Hestenes et al. wrote the questions to address six dimensions of the force concept. These dimensions include kinematics, Newton’s First Law, Newton’s Second Law, Newton’s Third Law, superposition principle, and kinds of force (Huffman & Heller, 1995). Completing the exam requires no calculations, but rather addresses the concepts of what forces are and how the interactions of bodies govern our everyday experiences. Physics specific vocabulary is not used, but rather common language to describe situations. The authors of the FCI confirmed the validity of the test responses through the conduction of follow-up interviews (Huffman & Heller, 1995).
	Additionally, students’ semester one physics grades were used as a controlling variable. The scores on the FCI indicate students’ level of knowledge about the concepts in introductory mechanics, which is taught in the first physics course students complete. However, these scores do not factor into students’ semester grades or indicated on high school transcripts. The accountability for achievement on the FCI was entirely intrinsic. Alternatively, semester one physics grades are a permanent score reflecting physics achievement. The research site included plusses and minuses in academic grades. Student letter grades were converted to a numeric score (Table 2). The grades at the research site are scored on a 4-point scale with an A equal to 4 points and a B equal to 3 points. Pluses and minuses do not count into a student’s grade point average but are reported on a transcript. The conversions indicated in Table 2 allowed for differentiated numerical scoring of plus and minus grades in this research study.
Table 2 
Conversion of Letter Grading Scale for Differentiated Numeric Values
	Letter Grade
	Numeric Score

	A+
	12

	A
	11

	A-
	10

	B+
	9

	B
	8

	B-
	7

	C+
	6

	C
	5

	C-
	4

	D+
	3

	D
	2

	D-
	1

	F
	0



Student Demographics Survey
	This instrument was written by the researcher for the purpose of gathering basic demographic information about the participants in the study (Appendix A). The instrument gathered information including gender, grade level, whether the student enrolled in a future physics course, and current mathematics course. These factors were chosen to allow for the measurement of the dependent variable, enrollment decision (ENRD) as well as enough descriptors to allow the reader of the research to understand the characteristics of the sample.
Sources of Self-Efficacy Science Courses – Physics (SOSESC-P) 
	The SOSESC-P was developed by Fencl and Scheel (2005) to measure a person’s level of self-efficacy while allowing for the disaggregation of data according to Bandura’s four sources of self-efficacy (Appendix C), which include mastery experiences, vicarious learning, social persuasion, and physiological state. The SOSESC-P was chosen as the instrument to measure level of self-efficacy as both an overall level and disaggregated scores on each of Banda’s four sources was possible. The instrument is a 33-item survey with five-point Likert scale responses to indicate agreement with statements of physics ability self-efficacy. Participants’ responses on each item ranged from scores of 1 = strongly disagree to 5 = strongly agree. 
Each item in the instrument was written to assess level of self-efficacy specifically associated with Bandura’s four sources of self-efficacy. Item numbers marked with an R were reverse scored such that so that a five on the Likert scales corresponds with higher levels of self-efficacy (Appendix C). After reverse scoring was applied to participant responses, an overall average level of self-efficacy (SE) score was assigned. Scores from each of the four sources: mastery experiences (ME), vicarious learning (VL), social persuasion (SP), and physiological state (PS) were determined by averaging participant scores within each source. Ten items assess ME, seven items assess VL, seven items assess SP, and nine items assess PS. The resulting average level of self-efficacy can range from 1.0 to 5.0 for each source.
[bookmark: _Toc117501923]Validity and Reliability
The FCI (Hestenes et al., 1992) was administered to over 1,500 high school students as pre and posttest. These same students were given the Mechanics Diagnostic test in pre- and post- formats as well. Percentage scores for each diagnostic were nearly identical while drawing from seven different teachers. The strong alignment with the Mechanics Diagnostic supports the reliability of the FCI. As a measure of validity, students were interviewed after taking the FCI. Their verbal responses to questions matched the misconceptions uncovered by the FCI test.
Criterion validity is established though the correlation of established research instruments with the newly developed instruments (Creswell & Guetterman, 2019). The SOSESC-P total scale and subscales significantly correlated with the scores on the Self-Efficacy for Academic Milestones-Strength scale (Lent et al., 1986), a respected and validated global measure of self-efficacy in science (Fencl & Scheel, 2005). To establish reliability, alpha coefficients of internal consistency was calculated for SOSESC-P with strong results. Fencl and Scheel found internal consistency Cronbach’s alpha scores for each of the four subscales ranging from .68 to .88 while Dou et al. (2016) found an alpha coefficient of 0.94. These Cronbach’s alpha scores can range from 0 to 1 with higher values indicating greater internal consistency and therefore reliability. 
[bookmark: _Toc117501924]Data Collection Procedures
All non-senior year physics students enrolled in the first-year physics course were eligible for the study and were offered both a letter of assent and a letter of consent for their parents (Appendix D). The researcher visited all physics classrooms repeatedly to personally collect the letters of assent and consent. Only students who turned in both letters of assent and consent were included in the study. Students enrolled in physics at the location of the study were required to take the FCI each year in pre and post formats. The pre-test was given the first week of physics instruction and the post test was administered in the spring. The levels of physics understanding were obtained from these district tests. The tests were scored electronically using the Mastery Manage web interface. Students’ demographic data and enrollment decision data were gathered after students had a chance to select their science courses for the next school year. Students’ responses were collected and then scanned if all permission documentation was turned into the researcher using the Mastery Manager interface. Students’ enrollment decisions as well as their semester one grades were provided to the researcher for by the school district in a Microsoft Excel data table listed by student ID number only. 
The enrollment process took place the first and second week of January 2022. The FCI was administered both the third week of August and the second week of January to all students in physics in a pre and post-test format. Classroom teachers gave students 30 minutes to complete the FCI assessment and scanned the answer documents. The demographics survey and SOSESC-P were later administered after students have registered for courses and permissions have been obtained during the third week in May 2022. Completed forms were collected by the researcher for scanning. Both instruments were administered by the researcher during regular class meeting times. 
[bookmark: _Toc117501925]Data Analysis 
Descriptive Analysis 
	A full description of the participants in the study included gender, grade level, prior math course, semester one grades, and science course enrollment decision for the following school year. The number of participants is important to provide justification for statistical testing as well as to provide information on the response rate of participants and possible limitations of the study. The total number of students enrolled in first-year physics at the research site at the time of the study was 222. Many of these students were not eligible due to their senior status or mathematical background. The total number of participants after screening for eligibility and acquired permission numbered 124. 
 	An important variable used to screen the eligible participants in the study sample was the math course they are currently enrolled in. The second-year physics course at the research location, AP Physics C, carries a math course prerequisite of AP Calculus. Students who are not currently enrolled in either pre-calculus or AP calculus do not have the option to enroll in a second year of physics. Eleven participants who did not meet this math requirement were removed from the study. Students who enroll in AP Physics 1 do not have a math prerequisite. 
	After the data were reduced to students eligible to enroll in a second year of physics and the SOSESC-P instrument was administered, measurements of central tendencies, including both the mean and median, were calculated. These measures of central tendencies were reported for composite levels of self-efficacy as well as disaggregated by each of Bandura’s (1977) four sources of self-efficacy. This information gives reader of the study a sense for the general level of self-efficacy of the study participants. 
[bookmark: _Toc349720647][bookmark: _Toc350241691][bookmark: _Toc351528712]Inferential Analysis
This study sought to explore the role self-efficacy, a continuous independent variable, plays in the binary high school students’ choice to enroll or not enroll in a second year of high school physics. Differences between genders in the role self-efficacy played in enrollment decisions was also explored. This relationship was explored by the development of two predictive models, one for men and the other women in physics. As the dependent variable, enrollment decision (ENRD), is a categorical variable with “0” = not enrolling and “1” = enrolling, binary logistic regression was applied.
	The first step after the collection of the data was to screen and appropriately organize them. Maximizing the number of available cases to include in this study was important due to the small number of cases where women choose to enroll in a second year of high school physics. One case was identified with missing data on the SOSESC-P. Rather than delete this case, the mean score for the participant’s responses on items addressing the same source of self-efficacy was used to fill-in the unanswered response. Using available data to calculate means is an appropriate way to assure no guessing is required by a researcher. A number of the items in the SOSESC-P required reversed scoring so that the highest number on the Likert scale matches up with positive experiences or reflection on student self-efficacy. Items that were reverse scored are indicated in Appendix C. Results from all 33 items were used calculate the mean level of self-efficacy (SE) for each student. Participant responses will also be disaggregated into four subscales that correspond with each of Bandura’s (1977) four sources of self-efficacy: mastery experiences (ME), vicarious learning (VL), social persuasion (SP), and physiological state (PS) as well as by gender. 
To check for multicollinearity among the six predictor variables, a preliminary linear regression was performed with the six predictor variables and the variance inflation factor (VIF) was analyzed. Variables with a VIF approaching a value of 10 indicates multicollinearity and would necessitate the combination of predictor variables. If any predictor variables needed to be combined, a preliminary linear regression would again have been conducted. Identification of outlier cases required the calculation of the Mahalanobis distance for all cases. Any cases where the chi-square criteria was exceeded were eliminated. Logistic regression models are particularly susceptible to outlier cases (Mertler & Vannatta, 2013). 
As the study seeks to determine what impact, if any, several predictor variables have on a binary outcome of one’s decision to enroll or not enroll in a second year of high school physics, logistic regression was conducted. Logistic regression provides flexibility because the predictor variables do not need to be normally distributed, linearly related, or have equal variances between groups. Logistic regression does require a lack of multicollinearity among predictor variables (Mertler & Vannatta, 2013). 
	In technical terms, logistic regression seeks to identify the chance or likelihood of an event occurring with the odds ranging from 1 (will happen) to 0 (will not happen). The odds ratio looks at how a specific predictor variable changes this likelihood. In logistic regression analysis, the odds ratio is defined as the probability that an event will happen (P) divided by the probability that and event will not happen (1-P). The linear regression equation in binomial logistic regression is defined as the natural log of the odds ratio. This equation is referred to as the logit or log of the odds: 
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For this study, P represents the probability that a student enrolls in a second year of high school physics. Each of the main independent variables, Bandura’s (1977) four sources of self-efficacy coupled with the controls, are represented by the X terms (X1, X2, etc.). The β values are coefficients to each independent variable used to calculate the logit. An odds ratio greater than 1 indicates that the predictor variable increases the likelihood of the event happing while a value less than 1 implies less likelihood of the event occurring due to a predictor variable while keeping all other dependent variables constant (Mertler & Vannatta, 2013). 
	In this study, models controlled for physics knowledge growth (PKG) and semester one grade (S1G). Bandura’s (1977) four components of self-efficacy were then used to explore the impact of self-efficacy on student enrollment decisions by all participants and address research question one. Answering research questions #2 followed the process of developing a control variable only model and then the addition of Bandura’s four sources of self-efficacy, as with research question #1. However, this time two separate models were explored. The first model included only women, and the second model included only men. The results of the two models were compared to determine if there are differences in the components (and their respective effects) on the role of self-efficacy on advanced physics course enrollment for the two groups.
Ethical Considerations
Conducting ethical research studies requires protecting the anonymity of the participants as well as keeping their responses confidential (Creswell & Guetterman, 2015). Participants’ responses were not shared with other participants, non-participating students, or other staff at the study location. Prior to the collection of any research data, informed consent was obtained from participants via parent consent and student assent. Students at the research location were assured that choosing not to participate will not affect their grades or attitudes of their classroom teachers. Participation was truly voluntary. The ability to discontinue participation was repeated during each data collection session of the research study. 
Confidentiality was accomplished through using a school issued six digit identification number for each participant in the study. The researcher administered the demographics survey and the SOSESC-P instruments. Participants were informed that they will not have access to the results and they placed their responses in a manila envelope at the front of the classroom which were collected by the researcher. The survey responses were scored only by the researcher and kept securely in a locked drawer in the researcher’s office. Electronic scores and model analysis were only available to the researcher. The FCI is a part of the regular physics curriculum and therefore all teachers have access to that data and administered the instrument personally. 
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Purposeful sampling best described the method used to identify the participants chosen for this study due to a choice of using those most readily available to the researcher as well as having shared common characteristics. However, this placed a degree of limitation on how well the researcher can say with confidence that the participants are representative of the population (Creswell & Guetterman, 2015). Response rates were a concern of the researcher. Access to the target sample allowed for follow-up actions, or re-invitations, to participate by the researcher. Repeated invitations were used to increase the sample size of the participants to mitigate expected lower numbers of participants once the data were disaggregated by gender and choice to enroll in a second year of physics. Peduzzi et al. (1996) demonstrated the effect of sample size on the convergence of regression coefficients in logistic regression analysis. Peduzzi et al. recommended 10 events per variable (EPV) to achieve coefficient convergence. 
The event in this research study was a student choosing to take a second year of high school physics. This study included seven independent variables in model 1, requiring a minimum of 70 participants choosing a second year of physics. In this study, only 33 participants chose a second year of high school physics. Of those 33, only 12 were women. Low numbers of participants sharing a common characteristic can lead to overfitting a model and inflating the effect or odds ratio from a logistic regression analysis (Tabachinick & Fidell, 2007). The low number of women choosing a second year of physics was a limiting factor in obtaining accurate values of the odds ratios in this study. Tabachnick and Fidell discussed the effect of low sample sizes on logistic regression and on parameter estimates and standard errors. Overfitting can be a problem if the few women in this study who enrolled in a second year of high school physics shared a high levels of mastery learning.
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Demographic data were gathered for each participant and the administration of the FCI was used to measure physics knowledge growth. The SOSESC-P (Fencl & Scheel, 2005) was used to measure the level of student self-efficacy at the time of enrollment decisions for future high school courses. The results of this quantitative study explored the role self-efficacy plays and which of Bandura’s (1977) sources of self-efficacy were possible predictors of future physics course enrollment through logistic regression. These sources and predictor variables—mastery experiences, vicarious learning, social persuasion, and physiological state—
were used to create a model of predicted probability of enrollment decision in a second year of high school physics.
More understanding is needed about the factors that impact the decision by students on whether to take a second year of high school physics. Greater understanding hopefully will drive initiatives that will increase rates of enrollment in second year high school physics courses by women. Two years of physics will widen the door to future STEM careers for women. How a student’s level of self-efficacy, and which of Bandura’s (1977) four sources of self-efficacy, impacts students’ decision to enroll in a second year of physics must be explored as part of this increased understanding. 
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The purpose of this study was to explore the impact self-efficacy plays in the decision to enroll in a second year of high school physics. After controlling for physics knowledge growth and semester one grade, Bandura’s (1977) four sources of self-efficacy were used as predictor variables. These variables included: mastery experience, vicarious learning, social persuasion, and physiological state. To address research question #1, a multivariate binomial logistic regression was conducted using all participants; afterwards, two additional models were generated disaggregated by gender to address research question #2. 
Description of Participants
	The process of inviting, obtaining consent, and instrument administration yielded 137 participants from the 2021-2022 school year. Senior students or students who did not have the appropriate math background were removed from the study, leaving 124 participants (Table 3).
Table 3
Physics Enrollment by Gender and Year 
	
	Sophomores
	Juniors
	All

	
	n
	%
	N
	%
	n
	%

	Men
	1
	0.83
	60
	50
	61
	50.83

	Women
	2
	1.67
	57
	47.5
	59
	49.17

	All
	3
	2.5
	117
	97.5
	120
	100

	
	
	
	
	
	
	


An analysis of the Mahalanobis distance for all cases identified four outliers which were removed from analysis leaving 120 cases for this study. Men and women were nearly equally represented in the study while most participants were juniors at the research site.


[bookmark: _Toc117501930]Analysis Procedure
Variables Included
	Data were provided by the school district and gathered through the administration of the Student Demographics Survey as well as the SOSESC-P instruments. This study included one dependent variable and six independent variables. The mean and standard deviation are reported for the two control variables and four predictor variables (Table 4).
Table 4
Descriptive Statistics for Predictors of Second-year Physics Enrollment
	
	Men (n = 61)
	Women (n = 59)
	All (n = 120)

	
	M (SD)
	M (SD)
	M (SD)

	S1G
	8.89 (1.63)
	9.64 (1.47)
	9.26 (1.60)

	PKG
	12.99 (4.37)
	12.29 (3.86)
	12.65 (4.12)

	ME
	3.17 (0.53)
	2.97 (0.57)
	3.07 (0.55)

	VL
	3.34 (0.65)
	3.00 (0.69)
	3.17 (0.69)

	SP
	3.66 (0.48)
	3.52 (0.57)
	3.59 (0.53)

	PS
	2.85 (0.73)
	2.30 (0.66)
	2.58 (0.75)


Note. S1G = semester one grade, coded from A+ = 12 to F = 0. PKG = physics knowledge growth is measured on the FCI assessment and scored numerically from 0 to 30, post-course score minus pre-course score. Gender was coded 1 = woman and 0 = man. ME = level of self-efficacy due to mastery experience, VL = level of self-efficacy due to vicarious learning, SP = level of self-efficacy due to social persuasion, PS = level of self-efficacy due to physiological state. ME, VL, SP, and PS were scored on a 1 to 5 Likert scale.
Enrollment Decision 
	Enrollment decision (ENRD) was the dependent variable in this study. Data were coded with “1” = enrollment in a second year of high school physics and “0” = not enrolling in a second year of high school physics. The data were provided by the school district in an Excel document listed by student ID number.
Semester One Grade
	Semester one grade (S1G) was one of two control independent variables used in the study. Grades were provided for each participant by the district as letter grades in an Excel document listed by student number. These letter grades were coded numerically (Table 2) before being imported into SPSS for analysis. 
Physics Knowledge Growth
	The other control independent variable used in this study was physics knowledge growth (PKG). Growth during the school year in physics knowledge was measured using the FCI. This test was given in a pre and post-test format. Student responses on this thirty-question exam resulted in a numeric score between 0 and 30. Student pre-test scores were subtracted from student post-test scores to arrive at a numeric value for physics knowledge growth and were calculated on an Excel spreadsheet before inputting into SPSS for analysis.
Mastery Experience
	Mastery experience (ME) was the first of four sources of self-efficacy used as independent variables in this study. This source of self-efficacy is derived from personal experiences of success. Data were obtained from the administration of the SOSESC-P instrument with results provided on an Excel spreadsheet. Reverse scoring was applied and an average score for the ten mastery experience items were averaged for each participant on an Excel document before being loaded in to SPSS (Appendix C).
Vicarious Learning
	Vicarious learning (VL) was the second of four sources of self-efficacy used as independent variables in this study. This source of self-efficacy is derived from a student’s observations of the experiences of others in the classroom. Data were obtained from the administration of the SOSESC-P instrument with results provided on an Excel spreadsheet. Reverse scoring was applied and an average score for the seven vicarious learning items were averaged for each participant on an Excel document before entry in SPSS (Appendix C).
Social Persuasion
	Social persuasion (SP) was the third of four sources of self-efficacy used as independent variables in this study. This source of self-efficacy is derived from attempts of one individual to persuade or affect another’s behavior. Data were obtained from the administration of the SOSESC-P instrument with results provided on an Excel spreadsheet. Reverse scoring was applied and an average score for the seven social persuasion items were averaged for each participant on an Excel document before being loaded in to SPSS (Appendix C ).
Physiological State
	Physiological state (PS) was the fourth of four sources of self-efficacy used as independent variables in this study. This source of self-efficacy is derived from how a student feels after completing a task. Examples could include fatigue or satisfaction. Data were obtained from the administration of the SOSESC-P instrument with results provided on an Excel spreadsheet. Reverse scoring was applied and an average score for the nine physiological state items were averaged for participants on an Excel document before being entry in SPSS (Appendix C).
Preliminary Analysis
Data with only student ID numbers as case identifiers (n = 124) were imported into SPSS with a preliminary linear regression used for an initial analysis. The collinearity statistics were computed and reported (Table 5). 

Table 5
Collinearity Statistics for Predictors of Second Year High School Physics Enrollment
	Variable
	VIF

	S1G
	1.046

	PKG
	1.171

	ME
	3.801

	VL
	4.493

	SP
	1.700

	PS
	3.650


Note. S1G = semester one grade, coded from A+ =12 to F = 0. PKG = physics knowledge growth is measured on the FCI assessment and scored numerically from 0 to 30, post-course score minus pre-course score. ME = level of self-efficacy due to mastery experience, VL = level of self-efficacy due to vicarious learning, SP = level of self-efficacy due to social persuasion, PS = level of self-efficacy due to physiological state. ME, VL, SP, and PS were scored on a 1 to 5 Likert scale.
The variance inflation factors (VIF) values greater than 10.0 would be strong indicators of multicollinearity (Thompson et al., 2017). All VIF values were below 5.0 (Table 5) ruling out multicollinearity. The Mahalanobis distance was calculated for all 124 cases to screen for outliers. Four cases were found to have values larger than the chi-square critical value of 14.07. This critical value is appropriate for this study with significance of .05 and seven degrees of freedom. These cases were removed from the analysis, leaving 120 cases for the logistic regression analysis.
[bookmark: _Toc117501931]Results
Research Question #1
	Logistic regression was performed on 120 participants to determine if the four factors of self-efficacy were significant predictors of high school students enrolling in a second year of physics, controlling for semester one grade (S1G), physics knowledge growth on the FCI test (PKG), and gender (gender). The self-efficacy predictor variables of mastery experience (ME), vicarious learning (VL), social persuasion (SP), and physiological state (PS) were used to identify the impact on the enrollment decision. The logistic regression model was significant χ2(7) = 41.470, p < .001 (Table E1, Appendix E). The model explained 42.2% of the difference in enrollment decision and correctly classified 79.2% of cases (Tables E2 and E3, Appendix E). Of the four factors of self-efficacy, only mastery experience was significant (p = .023) in predicting advanced high school physics enrollment (Table 6). 
Table 6
Coefficients and Significance of Controls and Predictors in Second-year Physics Enrollment for High School Men and Women
	Variables
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	S1G
	-.033
	.173
	.037
	1
	.848
	.967

	PKG
	-.070
	.069
	1.032
	1
	.310
	.932

	Gender
	.104
	.581
	.032
	1
	.858
	1.109

	ME
	2.115
	.927
	5.205
	1
	.023
	8.290

	VL
	1.190
	.895
	1.768
	1
	.184
	3.287

	SP
	-1.206
	.709
	2.895
	1
	.089
	.299

	PS
	.363
	.700
	.270
	1
	.604
	1.438


Note. S1G = semester one grade, coded from A+ =12 to F = 0. PKG = physics knowledge growth is measured on the Force Concept Inventory assessment and scored numerically from 0 to 30, post-course score minus pre-course score. Gender was coded 1 = woman and 0 = man. ME = level of self-efficacy due to mastery experience, VL = level of self-efficacy due to vicarious learning, SP = level of self-efficacy due to social persuasion, PS = level of self-efficacy due to physiological state. ME, VL, SP, and PS were scored on a 1 to 5 Likert scale.
Controlling for the other variables, each additional unit of level of mastery experience was associated with an increase in the odds of enrolling in a second year of high school physics by a factor of 8.29. 
Research Question #2
	Logistic regression was performed on 61 participants who identified as men and 59 participants who identified as women to determine if there were differences by gender on the impact of the four factors of self-efficacy on enrolling in a second year of high school physics. The variables of semester one grade (S1G), and physics knowledge growth on the FCI test (PKG), were used as control variables. The self-efficacy predictor variables of mastery experience (ME), vicarious learning (VL), social persuasion (SP), and physiological state (PS) were used to identify the impact on enrollment decision. 
In the men-only logistic regression model, n = 61, the model was significant, χ2(6) = 17.143, p = .009 (Table F1, Appendix F). The model explained 33.8% of the difference in enrollment decision and correctly classified 75.4% of cases (Tables F2 and F3, Appendix F). However, none of the four factors of self-efficacy were statistically significant (Table 7).
Table 7
Coefficients and Significance of Predictors in Second-year Physics Enrollment for High School Men
	Variables
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	S1G
	.301
	.230
	1.705
	1
	.192
	1.351

	PKG
	-.034
	.082
	.171
	1
	.680
	.967

	ME
	.913
	1.101
	.688
	1
	.407
	2.492

	VL
	.514
	1.093
	.221
	1
	.638
	1.672

	SP
	-.668
	.930
	.516
	1
	.473
	.513

	PS
	.725
	.997
	.529
	1
	.467
	2.065


Note. S1G = semester one grade, coded from A+ =12 to F = 0. PKG = physics knowledge growth measured on the FCI and scored numerically from 0 to 30, post-course score minus pre-course score. ME = level of self-efficacy due to mastery experience, VL = level of self-efficacy due to vicarious learning, SP = level of self-efficacy due to social persuasion, PS = level of self-efficacy due to physiological state. ME, VL, SP, and PS were scored on a 1 to 5 Likert scale.
In the women-only logistic regression analysis, n = 59, the model was significant, χ2(6) = 30.778, p < .001 (Table G1, Appendix G). The model explained 63.9% of the difference in enrollment decision and correctly classified 93.2% of cases (Tables G2 and G3, Appendix G). 
Of the four factors of self-efficacy, only mastery experience (p = .04) was a significant predictor of advanced high school physics enrollment. Controlling for other variables, each additional unit in mastery experiences was associated with an increase in the odds of enrolling in a second year of high school physics by a factor of 323.24 (Table 8).
Model #3 (Table 8) shares characteristics with Model #1 (Table 6) in that mastery experiences was the only significant predictor of advanced physics course enrollment. Therefore, we can conclude that the impact of mastery experience on advanced physics enrollment as a whole was nearly entirely due to its impact on women.
Table 8
Coefficients and Significance of Predictors in Second-year Physics Enrollment for High School Women
	Variables
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	S1G
	-.524
	.358
	2.145
	1
	.143
	.592

	PKG
	-.179
	.176
	1.035
	1
	.309
	.836

	ME
	5.778
	2.817
	4.209
	1
	.040
	323.24

	VL
	2.220
	2.304
	.928
	1
	.335
	9.208

	SP
	-2.168
	1.665
	1.694
	1
	.193
	.114

	PS
	.716
	1.320
	.294
	1
	.587
	2.047


[bookmark: _Toc349720655][bookmark: _Toc350241699][bookmark: _Toc351528720]Note. S1G = semester one grade, coded from A+ =12 to F = 0. PKG = physics knowledge growth is measured on the FCI assessment and scored numerically from 0 to 30, post-course score minus pre-course score. ME = level of self-efficacy due to mastery experience, VL = level of self-efficacy due to vicarious learning, SP = level of self-efficacy due to social persuasion, PS = level of self-efficacy due to physiological state. ME, VL, SP, and PS were scored on a 1 to 5 Likert scale.
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The data and results presented in Chapter 4 addressed two research questions aimed at exploring the role self-efficacy plays in the enrollment decisions of students in a second year of high school physics. Descriptive statistics on the participants were presented and a discussion of data screening process was explained. The 120 cases used in the inferential portion of the study allowed for the generation of three models—one that included all cases and two others that were split by gender identification. 
The results showed that in all three models the control variables of semester one grade, and physics knowledge growth were not individually statistically significant predictors of advanced high school physics enrollment. More importantly, for the purpose of the current study, the self-efficacy variables of vicarious learning, social persuasion, and physiological state were not statistically significant predictive of advanced physics enrollment. Only self-efficacy factor of mastery experience (personal experience of success in physics) was found to be significant, and only for women. The result was such that, each additional unit increase in mastery experience was associated with high school women’s’ likelihood of enrolling in advanced physics by a factor of 323. Such extraordinary result will be discussed in detail in Chapter 5.




[bookmark: _Toc117501933]Chapter 5: Discussion and Conclusions
The final chapter of this study begins with a summary of the importance of this research. Discussion of the results and their implications for each research questions are then presented. The collective interpretation of results and discussion are further used to guide future research.
[bookmark: _Toc117501934]Introduction
	The purpose of this study was to examine the role self-efficacy played in the enrollment decisions by women at the end of their first year of high school physics.  Bandura’s (1977) research on self-efficacy demonstrated the importance of four sources that contribute to a person’s overall level of self-efficacy. Addressing the purpose of this study required answering two research questions. 
RQ #1:  Is self-efficacy a significant predictor of enrollment decision of high school students in second-year physics? 
RQ #2:  Are there significant differences between men and women on the impact of self-efficacy on second year high school physics enrollment decision?
	The sample used in this study were first-year physics students in a large suburban high school in Illinois. Nearly all participants were in their junior year of high school. All participants were enrolled in the advanced introductory physics course, AP Physics 1. Purposeful sampling was applied.
[bookmark: _Toc117501935]Discussion and Interpretation for Research Question #1
	The results from this study demonstrated that students with higher levels of self-efficacy associated with mastery experiences were more likely to enroll in a second year of high school physics. In the model including all eligible participants, an increase in one unit of reported self-efficacy derived from mastery experiences was associated with an increase in the odds of enrolling in a second year of high school physics of 8.9 times. These results agree with prior research by Cabell (2020) and Simon et al. (2015), who found that higher levels of self-efficacy were associated with greater likelihood of persistence in STEM majors for both men and women. Research studies, such as these, demonstrate that general levels of self-efficacy are impactful without having to look specifically at the contributing source of self-efficacy or disaggregating results by gender.
Although not reaching the level of statistical significance, the negative effect of social persuasion actions is not in concordance with extant literature. Patterson and Johnson (2017) identified that obligatory goal setting and parental pressure heighten the students’ doubts and insecurities in physics. Results such as these would suggest that some interventions or discussions by teaching staff, parents, or adult figures with high school students may be having the opposite effect in terms of encouraging advanced enrollment in physics. But again, this result is inconclusive, as the significance value did not meet the standard threshold of statistical significance and thus should be treated with much caution. Perhaps with a larger sample, more conclusive evidence can be found.
Discussion and Interpretation for Research Question #2
	Addressing research question two required the construction of two separate models for predicting second-year physics course enrollment, one including men only and one including women only. Results from the study support past research demonstrating the trend of less women taking physics courses than men (Chang et al., 2018), and in particular a second year of advanced physics (College Board, 2017). This study included 120 qualified participants with 33 choosing to enroll in a second year of high school physics. Of the 33 students, only 12 were women. This low representation by women validated the need to continue to look for gender differences in factors that play a role in enrollment decision making. 
The men-only model was statistically significant, although none of the predictor variables were meaningfully associated with enrollment decisions. This result is possible when too many variables are included in a study and they collectively mask the truly significant variable. Limitations for this study include an undersized sample size for the number of independent variables. The inclusion of more men in the study may have allowed for the truly significant source of Bandura’s (1977) sources of self-efficacy to have risen to a clear statistical significance.
 For the women-only model, the result was similar such that each unit increase in mastery experience (proxy self-efficacy measure of experiencing personal success with physics) increased the odds of women enrolling in a second year of high school physics by 323 times. Such large odds ratio may be attributed to the less-than-optimal sample size of women participants coupled with the low number of women choosing to enroll in second-year physics. Tabachnick and Fidell (2019) noted that logistic regression may produce extremely large parameter estimates when the sample size is small resulting in too many cells with no cases. With that said, the effect of mastery experience or the personal experience with physics being a significant predictor for women and not for men must not be discounted, albeit the size of the effect should be treated with caution. How do we then explain such an effect of mastery experience on advanced physics enrollment for women?
Researchers have repeatedly demonstrated that mastery experience is the most influential source of self-efficacy (Bandura, 1977; Kiran & Sungur, 2012; Zeldin et al., 2008). Some studies have demonstrated the significance of verbal persuasion for women (Britner & Pajares, 2006), but the effects of verbal persuasion are not long lasting and only increase level of self-efficacy for short periods of time (Usher, 2009). Mastery experience carries a stronger level of importance due to its longer lasting effects. The impact of mastery experiences persists long after students leave the classroom. The longitudinal role mastery experience plays on career pathways does not appear to decrease with age (Zeldin & Pajares, 2008). The participants reported through interviews the positive impact mastery experiences had on their choice to pursue and confidence in STEM careers but this was more often reported by men than women (Zeldin & Pajares, 2008). This result may be due to limited access to hands on and engaging activities by women (Kiran & Sungur, 2012). 
Differences between genders on the importance of sources of self-efficacy is mixed in prior research. Contrary to this study, Sawtelle (2011) found that mastery experience was significant for men and vicarious learning was important to women. However, the importance of mastery experiences cannot be ignored. Mastery experience was a slightly more significant factor and accounted for more variance in overall level of self-efficacy for women than it did for men in a study of middle school science students. It was also the only source of self-efficacy that was statistically significant (Britner & Pajares, 2006). The longevity of importance placed on mastery experiences demonstrated in past research coupled with the late administration of the SOSESC-P contributed to its significance in this study. 
[bookmark: _Toc117501936]Implications and Recommendations
Findings from this study demonstrated that mastery learning is a significant source of self-efficacy for women impacting their choice on advanced physics enrollment. Critical analysis of existing pedagogy and practices at the research site must be done and viewed through the lens of  Bandura’s (1977) social cognitive theory and self-efficacy given its significance on enrollment patterns. While Bandura’s theory of self-efficacy has four sources, particular attention must be paid to mastery experience as this was the most significant factor in this research study.
	The actions taken by teachers has the potential to positively impact overall level of self-efficacy for students, but research specific to the impact of mastery experiences by teachers of high school students is scarce. The use of modeling instruction has been shown to have positive and significant impacts on math and science levels of self-efficacy in middle school students (Riegle-Crumb et al., 2019). This instructional practice also has a stabilizing impact on the self-efficacy for high school physics students. Physics self-efficacy has been found to decrease with experience in physics classes over time. While this decrease is found in both genders, women have a larger drop in level of self-efficacy than men (Nissen & Shemwell, 2016). Instructional pedagogy, such as modeling can mitigate this potential drop in self-efficacy. Sawtelle (2011) found that university students of both genders learning physics in a modeling classroom setting had less of a decrease in level of self-efficacy than those in a more traditional instructional setting. Increasing the level of self-efficacy would increase the odds of enrolling in a second year of high school physics, but if that is not done, preventing a decrease becomes best practice.
	Other instructional strategies have also been linked with positive impacts on student overall levels of self-efficacy. Project based learning in physics had a significant impact on level of self-efficacy in physics as opposed to a traditional or control group of high school students in Malaysia (Samsudin et al., 2020). Also, differentiated instruction had a significant impact on middle school math self-efficacy from a study of 6th graders in Taiwan (Lai et al., 2020). Given that women have been found to enter physics classes with a lower initial level of self-efficacy than men (Stewart et al., 2020) careful consideration of how instructional strategies impact self-efficacy is vitally important to future enrollment decisions. Research is lacking on which source of Bandura’s (1977) sources of self-efficacy is most impacted when using project-based learning and differentiated instruction in the classroom. 
When teachers consider how their pedagogy impacts self-efficacy, the current study suggested that they should pay particular attention to mastery experiences. The significance of mastery experiences, especially for women, per our finding, highlights the importance of evaluating how the physics is taught in addition to what is taught. This curriculum and instruction review needs to go beyond specific content standards. Targeting and emphasizing the importance of mastery experiences can be addressed through a conscience effort to increase the number of opportunities to demonstrate mastery. These learning experiences would require feedback where success can be measured and levels of success are delineated. Feedback is necessary for students to evaluate their level of mastery on an activity. If sections or units in the physics curriculum already contains a substantial number of mastery experience opportunities, then emphasizing the experiences could help address the problem by building in reflective activities. Encouraging or requiring students to pause and reflect on their levels of mastery could prevent lost opportunities to experience and appreciate their level of mastery. 
[bookmark: _Toc117501937]Recommendations for Future Research
	There is a large body of research that has demonstrated the role that self-efficacy plays in both achievement and career trajectories with well documented gender differences. There is very little research on the role that self-efficacy plays in high school STEM course enrollment patterns. This study represents an early attempt at understanding how self-efficacy impacts these decisions as well as to which sources of self-efficacy are most important to both men and women.
	To obtain more accurate results that explore the relationship between self-efficacy and high school course enrollment, a larger sample is needed, as logistic regression is susceptible to outliers and small sample sizes (Peduzzi et al., 1996). Given the seven independent variables, more students choosing to take a second year of high school physics from a larger sample was needed to produce a more reliable model as a whole and in mastery experience. This study also only measured the level of self-efficacy at a singular moment in time. Those scores were taken at the end of the school year and used to identify the role self-efficacy plays at a moment closest to future high school course enrollment decision making. Levels of self-efficacy have been found to change over time within an introductory college physics course and that there are differences in this change between men and women (Nissen & Shumwell, 2016). Other scholars also have explored longitudinal changes in level of self-efficacy and how those changes are impacted by project-based learning in physics (Samsudin et al., 2020) or by differentiated instruction (Lai et al., 2020). Future studies could explore if change in self-efficacy plays a more significant role in future course enrollment rather level of self-efficacy at one point in time. 
	This research study approached the problem through a quantitative lens to explore the predictive role sources of self-efficacy plays in high school advanced physics enrollment decisions by students. A particular emphasis was to look for any gender differences between high school men and women. Results demonstrated a significant role of mastery learning on its impact on the choice by women in second-year physics enrollment. Lacking in the current body of research is a rationale as to why such is the case. Perhaps, future research could employ a qualitative approach to dive deeper into the thought process of women when making this enrollment decision at such a critical time in their STEM trajectories. Such research could address both how and why mastery experiences is important to woman in their decision to move to the next level of physics (and possibly other STEM courses). Qualitative research, as described, could help explain or extend the current research findings through the perspectives and voices of women making such important course decisions (Teddlie & Tashakkori, 2009).
[bookmark: _Toc117501938]Conclusion
	Future career opportunities for students are growing in the STEM fields of data management, storage, and analysis. Computing and information technology will be the fastest growing occupation over the next ten years (Bureau of Labor Statistics, 2020). However, the opportunity to share in this growth is not equally shared by both men and women as evident by underrepresentation of women in STEM careers (Bureau of Labor Statistics, 2020), STEM publications (Holman et al., 2018; Sauder et al., 2022), and STEM college degrees (Roy, 2018; Stout et al., 2016). 
This research built off the work of Sadler et al. (2014) and Suana (2018), who demonstrated the importance of a second year of physics on STEM career trajectories as well as the work Sawtelle (2011) which demonstrated the importance of self-efficacy in college science course enrollment. This current study investigated the relationship between  Bandura’s four sources of self-efficacy and enrollment in a second year of high school physics to explore the reasons for underrepresentation of women in STEM careers. The analysis and answers to both research questions demonstrated that mastery experience as a source of self-efficacy is a significant variable in predicting future high school enrollment. Also, the results suggest mastery experiences are particularly impactful for women choosing a second year of high school physics.
	A review of the literature has described the problem of a decrease in the number of women taking a second year of highs school physics as compared to men and its impact on the science and engineering career trajectories of women. Women who take two years of high school physics are more likely to pursue science and engineering careers. The literature has also shown a possible framework to view the problem.  Bandura’s (1977) social cognitive theory, including self-efficacy and its four sources, provides an insight into an individual’s decision-making process and choices about perseverance. This study has built upon the research of Sadler et al. (2014) and Suana (2018) by examining the role self-efficacy plays in predicting enrollment decisions made by high school women in advanced physics courses.
	Future research should continue to target the relationship of self-efficacy and high school enrollment, particularly in physics, as the existing body of research is scarce. Additional studies could incorporate more explanatory factors coupled with a greater sample size to extend the findings of the current study. Practitioners could benefit by future research that examines pedagogical practices in the high school physics classroom and how those practices impact mastery experiences. Such research, one could argue, would not just benefit women, but all students who have the potential to pursue a science and engineering career. 
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Participant Demographics Survey
Directions: Answer all questions to the best of your knowledge on the included bubble sheet.  Be sure to bubble in your school ID number in the upper left corner of the bubble sheet. All information gathered in this survey will be kept strictly confidential.
1. Please indicate the gender you identify most with.
a. Woman		b. Man		

2. Current age in years:
a. 15 		b. 16			c. 17		d. 18

3. Year in School
a. Freshmen	b. Sophomore		c. Junior	d. Senior

4. Current Mathematics course enrollment:
a. Algebra 2 with Trigonometry Prep
b. Algebra 2 with Trigonometry Accel
c. Algebra 2 with Trigonometry Honors
d. Pre-Calculus Prep
e. Pre-Calculus Accel
f. Pre-Calculus Honors
g. Advanced Placement Calculus AB
h. Advanced Placement Calculus BC

5. Science Course enrollment for next year (if more than one, bubble in each)
a. Advanced Placement Physics C
b. Advanced Placement Physics 1
c. Advanced Placement Biology
d. Advanced Placement Chemistry
e. Advanced Placement Environmental Science
f. Astronomy Dual Credit
g. Human Anatomy and Physiology
h. Organic Chemistry
i. Forensics
j. Astronomy Prep
k. Environmental Science Prep
l. Geology Prep

6. Enrollment in AP Physics C for the next school year
a. Yes		b.   No
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	This appendix contains a copy of the instrument used to collect data on student sources of self-efficacy. Following the copy of the instrument is a table indicating which items of the SOSESC-P were included in the calculation of each of Bandura’s four sources of self-efficacy. Items that were reversed scored are marked with an R. 
Sources of Self-Efficacy Science Classes – Physics (SOSESC-P)
Please indicate how strongly you agree with each of the following statements about your experiences in this course (including labs, if applicable).
1. I received good grades on my assignments in this class.

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

2. My mind went blank and I was unable to think clearly when working on assignments. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

3. Watching other students in class made me think that I could not succeed in physics. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

4. When I came across a tough physics question, I worked until I solved it. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

5. Working with other students encouraged and motivated me in this class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

6. I have usually been at ease in this class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

7. Listening to the instructor and other students in question-and-answer sessions made me think I could not understand physics. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

8. I found the material in this course to be difficult and confusing. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

9. I enjoyed physics lab/activities. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

10. My instructor’s demonstrations and explanations gave me confidence that I could solve physics-related problems. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

11. I was rarely able to help my classmates with difficult problems. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

12. My instructor encouraged me that I could use physics concepts to understand real life phenomena. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

13. I usually didn’t worry about my ability to solve physics problems. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

14. I had difficulty with the exams/quizzes in this class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

15. I am poor at doing labs/activities to explore physics questions. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

16. The instructor in this course encouraged me to put forth my best efforts. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

17. I rarely knew the answer to questions raised in class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree





18. Physics make me feel uneasy and confused. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

19. I identified with the students in this class who did well on exams/quizzes. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

20. I got positive feedback about my ability to recall physics ideas. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

21. I got a sinking feeling when I thought of trying hard physics problems. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

22. I learned a lot by doing my physics assignments/activities. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

23. During this course, I admired my instructor’s understanding of physics. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

24. In-class discussions and activities helped me to relax, understand, and enjoy my experience in the course. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

25. My instructor’s feedback discouraged me about my ability to perform well on physics exams/quizzes. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

26. It was fun to go to this class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

27. I could relate to many classmates who were involved and attentive in class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree





28. No one in class has encouraged me to go on in science after this course. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

29. I got really uptight while taking exams/quizzes. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

30. I can remember the basic physics concepts taught in this course. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

31. Classmates who were similar to me usually had trouble recalling details taught in this class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

32. My peers in this course encouraged me that I had the ability to do well on class projects/assignments. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

33. I was attentive and involved in what was going on in class. 

1 Strongly disagree	2 Disagree	3 Neutral	4 Agree	5 Strongly Agree

	Source of Self-Efficacy
	Item Numbers

	Mastery Experiences (ME)
	1, 4, 8R, 11R, 14R, 15R, 17R, 22, 30, 33

	Vicarious Learning (VL)
	3R, 7R, 10, 19, 23, 27, 31R

	Social Persuasion (SP)
	5, 12, 16, 20, 25R, 28R, 32

	Physiological State (PS)
	2R, 6, 9, 13, 18R, 21R, 24, 26, 29R
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CUC IRB Study # 
CUC IRB Approval Date: _____________ 

Informed Assent to Participate in a Research Study

Study Title: Self-Efficacy in Advanced Physics Enrollment Decisions of High School Women

Principal Investigator: Mr. Robert Sherman, graduate student
Dissertation Committee Chair: Dr. Steve Song (Steve.Song@cuchicago.edu)

Purpose of the Study: The purpose of this research study is to explore the impact sources of self-efficacy have on high school second-year physics enrollment patterns. Any differences between men and women will also be explored. This study is being conducted by Robert Sherman, a graduate student at Concordia University Chicago, as a requirement to complete his dissertation and obtain his doctoral degree.

Procedures and Expected Duration of Participation: This study will last one year to analyze the data but your individual participation is approximately 30 minutes. Agreeing to participate will require you to participate in two surveys. The first is a Student Demographics Survey. This instrument will gather basic information such as age, gender, and past mathematics course enrollment information. The second instrument is the Sources of Self-Efficacy Science Courses – Physics. Agreeing to participate allows the researcher to access your scores on the Force Concept Inventory, semester one grade, and science course enrolled in for the 2022-2023 school year. Data associated with this research study will be kept for three years before being destroyed.

Benefits: This study has the possibility to provide greater understanding on how classroom experiences impact course enrollment decisions by all students. Results could provide guidance to educators on which sources of self-efficacy have the most impact on student science course decision making. 

Risks and Discomforts to the Participants: This study involves very minimal risk to participants. The sources of self-efficacy instrument has some questions that will cause participants to reflect on their experiences in the physics classroom over the last year. Should you experience any negative emotions as a result of participation in this study, the school social workers can be contacted at:
Mary Palacious 708-579-6345 and Joan Cushing 708-579-6515.


Privacy and Confidentiality: Only the researcher will have access to your data. Names or personal information about participants will not be shared. Your student ID number will be the only connecting identifier on the gathered data. 

Voluntary Participation: Your participation is voluntary. There are no negative consequences, loss of benefits, or penalties for choosing not to participate. You may change your mind later and decide to withdraw from the study at any time. 

Contact Information: If you have any additional or future questions about this study, you may contact the researcher, Mr. Robert Sherman at crf_shermar@cuchicago.edu.

Please contact the Institutional Review Board of Concordia University Chicago at IRB@CUChicago.edu with questions about participant rights. 

Assent Statement and Signature:
I affirm that I have read this assent form and have had the opportunity to have my questions answered to my satisfaction. I voluntarily agree to participate in this study. I understand that a copy of this assent will be provided to me upon request.

Signature of grantor: 					Printed name: 



Date:

CUC IRB Study # 
CUC IRB Approval Date: _____________ 


Informed Consent to Participate in a Research Study


Study Title: Self-Efficacy in Advanced Physics Enrollment Decisions of High School Women

Principal Investigator: Mr. Robert Sherman, graduate student
Dissertation Committee Chair: Dr. Steve Song (Steve.Song@cuchicago.edu)

Purpose of the Study: The purpose of this research study is to explore the impact sources of self-efficacy have on high school second-year physics enrollment patterns. Any differences between men and women will also be explored. This study is being conducted by Robert Sherman, a graduate student at Concordia University Chicago, as a requirement to complete his dissertation and obtain his doctoral degree.

Procedures and Expected Duration of Participation: This study will last one year to analyze the data but your child’s participation is approximately 30 minutes. Agreeing to participate will require your child to participate in two surveys. The first is a Student Demographics Survey. This instrument will gather basic information such as age, gender, and past mathematics course enrollment information. The second instrument is the Sources of Self-Efficacy Science Courses – Physics. Agreeing to participate allows the researcher to access your child’s scores on the Force Concept Inventory, semester one grade, and science course enrolled in for the 2022-2023 school year. Data associated with this research study will be kept for three years before being destroyed.

Benefits: This study has the possibility to provide greater understanding on how classroom experiences impact course enrollment decisions by all students. Results could provide guidance to educators on which sources of self-efficacy have the most impact on student science course decision making. 

Risks and Discomforts to the Participants: This study involves very minimal risk to participants. The sources of self-efficacy instrument has some questions that will cause participants to reflect on their experiences in the physics classroom over the last year. Should you experience any negative emotions as a result of participation in this study, the school social workers can be contacted at:
Mary Palacious 708-579-6345 and Joan Cushing 708-579-6515.

Privacy and Confidentiality: Only the researcher will have access to your child’s data. Names or personal information about participants will not be shared. A student ID number will be the only connecting identifier on the gathered data. 

Voluntary Participation: Your child’s participation is voluntary. There are no negative consequences, loss of benefits, or penalties for choosing not to participate. Your child may change their mind later and decide to withdraw from the study at any time. 

Contact Information: If you have any additional or future questions about this study, you may contact the researcher, Mr. Robert Sherman at crf_shermar@cuchicago.edu.

Please contact the Institutional Review Board of Concordia University Chicago at IRB@CUChicago.edu with questions about participant rights. 

Consent Statement and Signature:
I affirm that I have read this consent form and have had the opportunity to have my questions answered to my satisfaction. I voluntarily agree to allow my child to participate in this study. I understand that a copy of this consent will be provided to me upon request.
Signature of grantor: 					Printed name: 


Date: 


Printed Name of Student Participant: 
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Model One Fit and Significance
Table E1
Omnibus Tests of Model Coefficients for Research Question #1 – All Cases
	
	Chi-Square
	df
	Sig.

	Step 
	41.470
	7
	<.001

	Block
	41.470
	7
	<.001

	Model
	41.470
	7
	<.001



Table E2

Model Summary for Research Question #1 – All Cases
	-2 Log likelihood
	Cox & Snell R Square
	Nagelkerke R Square

	99.691a
	.292
	.422


a. Estimation terminated at iteration number 6 because parameter estimates changed by less than .001.

Table E3

Classification Table for Research Question #1 – All Cases
	
	
	Predicted

	
	
	ENRD
	

	Observed
	
	0
	1
	Percentage Correct

	ENRD
	0
	80
	7
	92.0

	
	1
	18
	15
	45.5

	Overall Percentage
	
	
	79.2


a. The cut value is .500
 ENRD = Enrollment Decision and was coded 1 = did enrol in a second year of physics and 0 = did not enrol in a second hear of physics.
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Appendix F
Model Two Fit and Significance
Table F1

Omnibus Tests of Model Coefficients for Research Question #2 – Men Only
	
	Chi-Square
	df
	Sig.

	Step 
	17.143
	6
	.009

	Block
	17.143
	6
	.009

	Model
	17.143
	6
	.009



Table F2

Model Summary for Research Question #2 – Men Only
	-2 Log likelihood
	Cox & Snell R Square
	Nagelkerke R Square

	61.404a
	.245
	.338


a. Estimation terminated at iteration number 5 because parameter estimates changed by less than .001.

Table F3

Classification Table for Research Question #2 – Men Only
	
	
	Predicted

	
	
	ENRD
	

	Observed
	
	0
	1
	Percentage Correct

	ENRD
	0
	34
	6
	85.0

	
	1
	9
	12
	57.1

	Overall Percentage
	
	
	75.4


a. The cut value is .500
 ENRD = Enrollment Decision and was coded 1 = did enrol in a second year of physics and 0 = did not enrol in a second hear of physics.



[bookmark: _Toc117501946]Appendix G
Model Three Fit and Significance
Table G1

Omnibus Tests of Model Coefficients for Research Question #2 – Women Only
	
	Chi-Square
	df
	Sig.

	Step 
	30.778
	6
	<.001

	Block
	30.778
	6
	<.001

	Model
	30.778
	6
	<.001



Table G2

Model Summary for Research Question #2 – Women Only
	-2 Log likelihood
	Cox & Snell R Square
	Nagelkerke R Square

	28.820a
	.406
	.639


a. Estimation terminated at iteration number 8 because parameter estimates changed by less than .001.

Table G3

Classification Table for Research Question #2 – Women Only
	
	
	Predicted

	
	
	ENRD
	

	Observed
	
	0
	1
	Percentage Correct

	ENRD
	0
	46
	1
	97.9

	
	1
	3
	9
	75.0

	Overall Percentage
	
	
	93.2


a. The cut value is .500
 ENRD = Enrollment Decision and was coded 1 = did enrol in a second year of physics and 0 = did not enrol in a second hear of physics.

image1.png
m(]"l)) Byt BX,+ B X, + ..+ BX,




image2.tiff
1. Two metal balls are the same size but one weighs twice as much as the other. The balls are
dropped from the roof of a single story building at the same instant of time. The time it
takes the balls to reach the ground below will be:

(A) about half as long for the heavier ball as for the lighter one.

(B) about half as long for the lighter ball as for the heavier one.

(C) about the same for both balls.

(D) considerably less for the heavier ball, but not necessarily half as long.
(E) considerably less for the lighter ball, but not necessarily half as long.

2. The two metal balls of the previous problem roll off a horizontal table with the same speed.
In this situation:

(A) both balls hit the floor at approximately the same horizontal distance from the base of
the table.

(B) the heavier ball hits the floor at about half the horizontal distance from the base of the
table than does the lighter ball.

(C) the lighter ball hits the floor at about half the horizontal distance from the base of the
table than does the heavier ball.

(D) the heavier ball hits the floor considerably closer to the base of the table than the
lighter ball, but not necessarily at half the horizontal distance.

(E) the lighter ball hits the floor considerably closer to the base of the table than the
heavier ball, but not necessarily at half the horizontal distance.

3. A stone dropped from the roof of a single story building to the surface of the earth:

(A) reaches a maximum speed quite soon after release and then falls at a constant speed
thereafter.

(B) speeds up as it falls because the gravitational attraction gets considerably stronger as
the stone gets closer to the earth.

(C) speeds up because of an almost constant force of gravity acting upon it.
(D) falls because of the natural tendency of all objects to rest on the surface of the earth.

(E) falls because of the combined effects of the force of gravity pushing it downward and
the force of the air pushing it downward.

4. Alarge truck collides head-on with a small compact car. During the collision:
(A) the truck exerts a greater amount of force on the car than the car exerts on the truck.
(B) the car exerts a greater amount of force on the truck than the truck exerts on the car.

(C) neither exerts a force on the other, the car gets smashed simply because it gets in the
way of the truck.

(D) the truck exerts a force on the car but the car does not exert a force on the truck.
(E) the truck exerts the same amount of force on the car as the car exerts on the truck.
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT TWO
QUESTIONS (5 and 6).

The accompanying figure shows a p »
frictionless channel in the shape of a
segment of a circle with center at "O". The [#]
channel has been anchored to a frictionless
horizontal table top. You are looking down r
at the table. Forces exerted by the air are
negligible. A ball is shot at high speed into
the channel at "p" and exits at "r."

-

5. Consider the following distinct forces:
1. A downward force of gravity.
2. A force exerted by the channel pointing from q to O.
3. A force in the direction of motion.
4. A force pointing from O to q.

Which of the above forces is (are) acting on the ball when it is within the frictionless
channel at position "q"?

(A) 1 only. I:B:I
(B) 1and2. ¥
- (C
(C)Iand3d (A]'ﬁ‘.__ : "-_ "‘h‘( :I
(D) 1,2, and 3. H\ -
- —_-—
(E) 1,3, and 4. et (D)
N
0 e
6. Which path in the figure at right ¥

would the ball most closely follow r
after it exits the channel at "r" and

moves across the frictionless table

top?

7. A steel ball is attached to a string and is
swung in a circular path in a horizontal -~ . (B)
plane as illustrated in the accompanying N .
figure.

At the point P indicated in the figure, the
string suddenly breaks near the ball.

If these events are observed from 1 (C
directly above as in the figure, which ™ pe----2 _2
path would the ball most closely follow O - S A
after the string breaks? s---"(0)
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT FOUR
QUESTIONS (8 through 11).
The figure depicts a hockey puck sliding with constant speed v,, in a straight line from point "a"

to point "b" on a frictionless horizontal surface. Forces exerted by the air are negligible. You are
looking down on the puck. When the puck reaches point "b," it receives a swift horizontal kick in
the direction of the heavy print arrow. Had the puck been at rest at point "b," then the kick would
have set the puck in horizontal motion with a speed vy in the direction of the kick.

8. Which of the paths below would the puck most closely follow after receiving the kick?

N PRg—_ 7 ~
(A) ® © ©) (E)

@ @ @ @ el
)

t ¢ t 1

9. The speed of the puck just after it receives the kick is:
(A) equal to the speed "v,," it had before it received the kick.

(B) equal to the speed "vi" resulting from the kick and independent of the speed "v,,".

(C) equal to the arithmetic sum of the speeds "v," and "vi".

(D) smaller than either of the speeds "v," or "vi".

(E) greater than either of the speeds "v," or "vi", but less than the arithmetic sum of these two
speeds.

]
H -
L]

10. Along the frictionless path you have chosen in question 8, the speed of the puck after receiving the
kick:
(A) is constant.
(B) continuously increases.
(C) continuously decreases.
(D) increases for a while and decreases thereafter.
(E) is constant for a while and decreases thereafter.

11. Along the frictionless path you have chosen in question 8, the main force(s) acting on the puck
after receiving the kick is (are):
(A) adownward force of gravity.
(B) adownward force of gravity, and a horizontal force in the direction of motion.
(C) adownward force of gravity, an upward force exerted by the surface, and a horizontal force in
the direction of motion.
(D) adownward force of gravity and an upward force exerted by the surface.
(E) none. (No forces act on the puck.)
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12. A ball is fired by a cannon from the top of a cliff as shown in the figure below. Which of
the paths would the cannon ball most closely follow?

13. A boy throws a steel ball straight up. Consider the motion of the ball only after it has left
the boy's hand but before it touches the ground, and assume that forces exerted by the air
are negligible. For these conditions, the force(s) acting on the ball is (are):

(A) adownward force of gravity along with a steadily decreasing upward force.

(B) a steadily decreasing upward force from the moment it leaves the boy’s hand until it
reaches its highest point; on the way down there is a steadily increasing downward
force of gravity as the object gets closer to the earth.

(C) an almost constant downward force of gravity along with an upward force that
steadily decreases until the ball reaches its highest point; on the way down there is
only a constant downward force of gravity.

(D) an almost constant downward force of gravity only.

(E) none of the above. The ball falls back to ground because of its natural tendency to rest
on the surface of the earth.

14. A bowling ball accidentally falls out of
the cargo bay of an airliner as it flies
along in a horizontal direction.

As observed by a person standing on
the ground and viewing the plane as in
the figure at right, which path would
the bowling ball most closely follow
after leaving the airplane?
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT TWO
QUESTIONS (15 and 16).

A large truck breaks down out on the road and receives a push back into town by a small
compact car as shown in the figure below.

ACME

Transfer co. | <

wo Ay T T Y

15. While the car, still pushing the truck, is speeding up to get up to cruising speed:

(A) the amount of force with which the car pushes on the truck is equal to that with which
the truck pushes back on the car.

(B) the amount of force with which the car pushes on the truck is smaller than that with
which the truck pushes back on the car.

(C) the amount of force with which the car pushes on the truck is greater than that with
which the truck pushes back on the car.

(D) the car's engine is running so the car pushes against the truck, but the truck’s engine is
not running so the truck cannot push back against the car. The truck is pushed
forward simply because it is in the way of the car.

(E) neither the car nor the truck exert any force on the other. The truck is pushed forward
simply because it is in the way of the car.

16. After the car reaches the constant cruising speed at which its driver wishes to push the
truck:

(A) the amount of force with which the car pushes on the truck is equal to that with which
the truck pushes back on the car.

(B) the amount of force with which the car pushes on the truck is smaller than that with
which the truck pushes back on the car.

(C) the amount of force with which the car pushes on the truck is greater than that with
which the truck pushes back on the car.

(D) the car's engine is running so the car pushes against the truck, but the truck's engine is
not running so the truck cannot push back against the car. The truck is pushed
forward simply because it is in the way of the car.

(E) neither the car nor the truck exert any force on the other. The truck is pushed forward
simply because it is in the way of the car.
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17. An elevator is being lifted up an elevator shaft at a constant speed by a steel cable as
shown in the figure below. All frictional effects are negligible. In this situation, forces on
the elevator are such that:

(A) the upward force by the cable is greater than the downward force of gravity.
(B) the upward force by the cable is equal to the downward force of gravity.
(C) the upward force by the cable is smaller than the downward force of gravity.

(D) the upward force by the cable is greater than the sum of the downward force of
gravity and a downward force due to the air.

(E) none of the above. (The elevator goes up because the cable is being shortened, not
because an upward force is exerted on the elevator by the cable).

_L
steel

-‘—_
cable

SEEERN

Elevator going up at constant speed

18. The figure below shows a boy swinging on a rope, starting at a point higher than A.
Consider the following distinct forces:
1. A downward force of gravity.
2. A force exerted by the rope pointing from A to O.
3. A force in the direction of the boy’s motion. O
4. A force pointing from O to A.
Which of the above forces is (are) acting on the boy
when he is at position A?
(A) 1 only.
(B) land2.
(C) 1and3. ¥
(D) 1,2, and 3. A
(B) 1,3,and 4.
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19. The positions of two blocks at successive 0.20-second time intervals are represented by the
numbered squares in the figure below. The blocks are moving toward the right.

1 3 4 ]
| | | | |

2
n

A
n n n
2 3 4

3
|
1 ] | ]
T T | T T T ¥
[
3

1l
T

| aar
u ] n
1 6 7
Do the blocks ever have the same speed?

(A) No.

(B) Yes, at instant 2.

(C) Yes, at instant 5.

(D) Yes, at instants 2 and 5.

(E) Yes, at some time during the interval 3 to 4.

20. The positions of two blocks at successive 0.20-second time intervals are represented by the
numbered squares in the figure below. The blocks are moving toward the right.

1
Block a [}
| 1 Il
I T T
Black b 1l

6
]

3 7
-l |
I f

n
3

The accelerations of the blocks are related as follows:
(A) The acceleration of "a" is greater than the acceleration of " b".

B) The acceleration of "a" equals the acceleration of "b". Both accelerations are greater
n g
than zero.

(C) The acceleration of "b" is greater than the acceleration of "a".

(D) The acceleration of "a" equals the acceleration of "b". Both accelerations are zero.
(E) Not enough information is given to answer the question.
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT FOUR
QUESTIONS (21 through 24).

A rocket drifts sideways in outer space from point "a" to point "b" as shown below. The
rocket is subject to no outside forces. Starting at position "b", the rocket's engine is turned on
and produces a constant thrust (force on the rocket) at right angles to the line "ab". The
constant thrust is maintained until the rocket reaches a point "c" in space.

a b
- — - Q—————-—-—; ———————————— —be

21. Which path below best represents the path of the rocket between points "b" and "c"?

*C @ c eC ecC
T < 9 4
f, : "/ '} !
",r s _// -’.l J.f{
(&) (B} (€) (D) (E}
} P F ! ¢
' : / ‘ /
1 ' s /’ //
( : ; . -
---w@b ---w@b ---»@bh - eWp--- SRAEEREE Y 3:hs

22. As the rocket moves from position "b" to position "c", its speed is:
(A) constant.
(B) continuously increasing.
(C) continuously decreasing.
(D) increasing for a while and constant thereafter.
(E) constant for a while and decreasing thereafter.

23. At point "¢" the rocket's engine is turned off and the thrust immediately drops to zero.
Which of the paths below will the rocket follow beyond point "c"?
A 0
/ - +

|

(B} (C) (D}
{
I

ce--(A)---) 4O co et co

24. Beyond position "c" the speed of the rocket is:
(A) constant.
(B) continuously increasing.
(C) continuously decreasing.
(D) increasing for a while and constant thereafter.
(E) constant for a while and decreasing thereafter.
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25.

26.

27.

A woman exerts a constant horizontal force on a large box. As a result, the box moves
across a horizontal floor at a constant speed “v,”.

The constant horizontal force applied by the woman:

(A) has the same magnitude as the weight of the box.

(B) is greater than the weight of the box.

(C) has the same magnitude as the total force which resists the motion of the box.

(D) is greater than the total force which resists the motion of the box.

(E) is greater than either the weight of the box or the total force which resists its motion.

If the woman in the previous question doubles the constant horizontal force that she exerts
on the box to push it on the same horizontal floor, the box then moves:

(A) with a constant speed that is double the speed “v,” in the previous question.

(B) with a constant speed that is greater than the speed “v,” in the previous question, but
not necessarily twice as great.

(C) for a while with a speed that is constant and greater than the speed “v,” in the
previous question, then with a speed that increases thereafter.

(D) for a while with an increasing speed, then with a constant speed thereafter.
(E) with a continuously increasing speed.

If the woman in question 25 suddenly stops applying a horizontal force to the box, then the
box will:

(A) immediately come to a stop.

(B) continue moving at a constant speed for a while and then slow to a stop.
(C) immediately start slowing to a stop.

(D) continue at a constant speed.

(E) increase its speed for a while and then start slowing to a stop.
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28.

29.

30.

In the figure at right, student "a" has
a mass of 95 kg and student "b" has a
mass of 77 kg. They sit in identical
office chairs facing each other.

Student "a" places his bare feet on
the knees of student "b", as shown.
Student "a" then suddenly pushes
outward with his feet, causing both
chairs to move.

During the push and while the
students are still touching each other:

(A) neither student exerts a force on the other.

(B) student "a" exerts a force on student "b", but "b" does not exert any force on "a".
(C) each student exerts a force on the other, but "b" exerts the larger force.

(D) each student exerts a force on the other, but "a" exerts the larger force.

(E) each student exerts the same amount of force on the other.

An empty office chair is at rest on a floor. Consider the following forces:
1. A downward force of gravity.
2. An upward force exerted by the floor.
3. A net downward force exerted by the air.
Which of the forces is (are) acting on the office chair?
(A) 1 only.
(B) 1and 2.
(C) 2 and 3.
(D) 1, 2,and 3.
(E) none of the forces. (Since the chair is at rest there are no forces acting upon it.)

Despite a very strong wind, a tennis player manages to hit a tennis ball with her racquet so
that the ball passes over the net and lands in her opponent's court.

Consider the following forces:

1. A downward force of gravity.

2. A force by the "hit".

3. A force exerted by the air. )
Which of the above forces is (are) acting on the tennis ball after it has left contact with the
racquet and before it touches the ground?

(A) 1 only.

(B) 1and?2.
(C) 1and 3.
(D) 2 and 3.
(E) 1, 2,and 3.
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