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Introduction

The general topic under investigation is STEM, science, technology, engineering and mathematics, with respect to coursework as well as college and career choice. While the topic of the literature review is focused on the implications of gender bias within STEM and implications for college and career choice, selection of the articles was purposely diverse. Though the twelve articles discuss a variety of ideologies, they shared 10 commons themes, in the context of four general topics of student characteristics, societal topics, descriptive models and STEM specific topics. 

Gender bias demonstrated in underachievement and underrepresentation of girls in mathematics and science has long been a topic of discussion amongst educators. In recent years, the discussion has traversed from secondary to post-secondary institutions and to the job market. The discussion also became broader to include the more specific fields of technology and engineering, which have foundations in mathematics and science. This transition was prompted by the need to remain competitive in world markets with respect to the supply of qualified candidates in STEM fields. Since women are not represented well in STEM fields, it is logical to investigate why women are underrepresented, since they serve as a potential source to fill the void as successful STEM students, teachers and workers. 


Both quantitative and qualitative data is required in investigating gender disparity in STEM. Quantitative data shows performance-based data and numbers of female students and employees in the STEM. Qualitative data shows the feelings and attitudes that are often foundations of performance in school and the workforce. The qualitative data was much more prominent in the research studies on the topic since it seemed to be where the knowledge lies in how to implement change. A problem with the qualitative data, is how it was developed, collected and analyzed; it can be hard to determine feelings which have true, scientific meaning. There is also a challenge with the quantitative data such as test scores, course enrollment or numbers of female employees. Though these are factual numbers, without the qualitative aspect of research, the questions of  “why is this?” or “what does this mean?” remain. 

Finding a variety of articles with some common threads was the goal of this literature review since there is no common, definitive solution to underrepresentation of women in STEM fields. The variety of study topics, such as characteristics of gifted girls, analyzing SAT scores, single sex mathematics classes, atypical career counseling and project-based learning experiences show successes, challenges and opportunities. Even considering the diversity of the articles, viewing this in conjunction with the common threads amongst the research serves as a veritable brainstorming session over the issue. Why girls and women are successful in STEM seems to lie in positive attitude and societal support. Unfortunately, how to nurture positive attitude and garner societal support is not as succinct. Taking the successes and failures of these articles collectively serves as a brain trust on the topic, converging on a common goal of supporting girls and women in STEM coursework, college degrees and careers. 
References
Cantrell, P. & Ewing-Taylor, J. (2009). Exploring STEM career options through collaborative high school seminars. Journal of Engineering Education, 98(3), 295-303. 

The authors have a valuable combination of expertise in the STEM education, where Ms. Cantrell is a member of the Department of Education at Brigham Young University and Ms. Ewing-Taylor specializes in research of STEM education. Their collective expertise was made evident through their research techniques throughout the study. Research focused on high school career exploration seminars as an avenue to increase the STEM career workforce. The guiding premise was that steering students towards STEM careers could create a greater supply of candidates for STEM careers. Developing a competitive workforce globally has its foundations in guiding high school graduates towards not only STEM based curriculum, but also STEM based careers. Through surveys, three student traits that could influence career choice were focused on: personal interests, self-efficacy expectations, and personality as it applies to a predisposition to be successful in a STEM career. One aspect that was included in the career exploration seminars, was the recruitment of STEM professionals, such as scientists and engineers, to give the students a truer picture of what a STEM based career involved. Two especially beneficial aspects of the seminars for the students, were the diverse group of professionals chosen and the applicable information they provided. The professionals were specifically chosen based on their abilities to communicate effectively with young people and the significant, yet applicable, real life, information they provided students regarding STEM career choices. An evident strength of the study was the considerable amount of data collected over a significant period of time, yet a relative weakness could be the inherent issue regarding reliability of qualitative data collection. The results showed a positive response to the seminars from the students’ standpoint, which would be applicable to the gender disparity in STEM aspect under research. However, the long term benefit of college and career choice is not covered within the study and it would be beneficial to see how this knowledge translates to success in STEM coursework as well as future STEM careers.

Chouinard, R., Karsenti, T., & Roy, N. (2007). Relations among competence beliefs, utility value, achievement goals, and effort in mathematics. British Journal of Educational Psychology, 77(3), 501-517.

The study discusses how psychological and societal factors can impact performance in mathematics. Expertise of the authors stems from their affiliation with the Psychology Department at the University of Montreal which is appropriate given the fact the focus of the study is largely based on attitude and other qualitative measurements. French speaking Canadian high school students were the subject of the study including 389 boys and 370 girls with an average age of approximately 15 years old. Students completed surveys using a 5-part Likert scale, to self-assess psychological factors such as their effectiveness in mathematics, their confidence level, and amount of effort. Societal questions included those that inquired about the amount of parental and teacher support students received. Students rated support and high expectations from both teachers and parents as important to their success. A stand out finding showed teacher support, at least in the realm of mathematics, to have an equal or greater impact than even parents, on some aspects of a student’s success. Parents affected the students’ values and choices, while teacher support showed a strong influence over the students’ feelings of self-efficacy and competence. As expected, girls did not show as high competence self-assessment as the boys, but had higher values for effort they exert in doing well. Many other factors within gender did not show significant differences. Overall, the study showed the effectiveness a student feels regarding math, the usefulness they assign the subject to their goals, and support of parents and teachers can have a positive influence on a students’ success in mathematics. As is common with qualitative measurements, relative validity of the data could be considered a weakness in this study. In compensation for this potential weakness, the expertise of the researchers in the realm of psychology, demonstrates strengths with respect to the sample space chosen as well as the quality of the questions used to collect data. Regarding its usefulness in research of gender disparity in STEM and future implications, though this study focuses on mathematics only, the study still supplies valuable information, since science, engineering and technology share a foundation in mathematics. 
Kaino, L. M. (2008). Technology in learning: Narrowing the gender gap? Eurasia Journal of Mathematics, Science & Technology Education, 4(3), 263-268. 

Use of computers to shrink the gender gap in learning was the topic of this study. The value of the information obtained from the study can be attributed to the expertise of the author, Dr. Kaino, who was a faculty member of the Botswana University of Science and Technology with several published works on the topic of technology use. Introductory comments discussed how anxiety and sense of purpose can influence the relative enjoyment and success students have while learning. Results from a variety of previous studies provide background information for the topic. Studies have shown girls do not feel as much a part of STEM courses as do boys. Computers can be used independently, yet girls may consider technology to be associated with math and science. Subjects from this study were boys and girls from Botswana secondary schools. Foundations for the study were based in constructivist learning theory. Knowledge under constructivist theory is acquired both through independent work, cognitive constructivism, as well as through cooperative work, social constructivism. The assertion of the study was computers would serve to shrink the gender gap in learning by providing both independent and cooperative learning experiences, which would aid in reducing anxiety and increasing enjoyment. Results showed marginal differences between boys and girls in many areas, with the most significant difference being the higher anxiety level of girls. Overall, a strength of the study is the positive outcomes demonstrated by students who considered computers useful and the ability to use them independently helped to reduce anxiety, especially for girls. In addition to being relatively old data from 2008, an additional shortcoming or weakness of the study, is the fact that it took place in Botswana where cultural differences could limit widespread applications of the findings. Though the study focused only on technology use, the information regarding gender differences in learning will supply valuable insight into gender disparity in STEM and implications for college and career choice. 
Mahoney, M. P. (2010). Students' attitudes toward STEM: Development of an instrument for high school STEM-based programs. Journal of Technology Studies, 36(1), 24-34. 

In response to the recognized need to remain competitive in world markets, encouraging students’ interest and success in STEM courses is essential. Dr. Mahoney’s expertise on the subject comes from his work within the Department of Education at Ohio State University, where he saw a need for a more precise tool to measure attitude. This study sought to develop such a tool to measure students’ attitudes toward science, technology, engineering and mathematics programs in high schools. Considerable effort was made within the study to gather statistically sound data, though the concept of attitude is clearly qualitative and possibly hard to measure. An initial 50-question survey was developed for the study, and presented to a panel of experts, in order to refine and narrow down questions to a more concise evaluation tool. The panel of experts included teachers as well as STEM industry leaders. Student focus groups were used to gain insight into student attitudes toward STEM courses and career choices. Schools with a STEM focus as well as schools with college preparatory courses were a part of this study to determine if there were any advantage to STEM-focused schools in creating a positive attitude in students. Gender and grade level aspects were also included as independent variables within the study. Findings indicated no correlation between positive attitude and attending a STEM focused school as expected. A strength of this study was the considerable effort exerted in developing legitimate data extracted from the surveys, to provide a useful tool for measuring attitude in future studies. An unfortunate weakness of the study is it does not incorporate significant data beyond secondary school, such as college and career choice, which would have made it more useful for the purposes of investigating the aspect of gender disparity within STEM college courses and careers.
McCarthy, R., & Slater, R. (2010). Beyond smash and crash: Part two. Technology & Engineering Teacher, 70(4), 25-33. 


A Connecticut high school was the location of the very practical study to gather feedback from stakeholders to essentially market STEM course involvement to girls. Dr. Ray McCarthy offered valuable expertise on the topic of STEM education as the president of the Massachusetts Technology Education and Engineering Collaborative, in conjunction with the practical experience Dr. Roy Slater had in the Technology Department of a public high school in Connecticut. Background studies mentioned the fact that women are underrepresented in STEM fields, leading to the desire to recruit more girls to STEM based courses and get them thinking about careers in the field. Focus groups comprised of high school girls, schools counselors and professional women from the community, were given 5-point Likert scale surveys to gather feedback on how to improve the enrollment of girls in STEM courses. This brainstorming session led to a variety of grassroots policy changes over the period of 2000 through 2007. One part of the strategy to get more girls involved was a mentoring program between high school and middle school girls. Also, technology clubs which were more practical, voluntary and less competitive were developed on the middle school level. Hands on projects were part of the high school experience for girls and they accentuated the creative aspects of technology. The intervention was considered a remarkable success and the article offers a variety of suggestions on how to jumpstart young women’s STEM enrollment in other schools. It could be considered a limitation that the study focused solely on one Connecticut high school where findings may not be applicable in other locations, yet a strength lies in the innovation where it could be a launching pad for future studies. Though the focus of the study leaned heavily toward high school specific, engineering topics, many of the concepts studied apply more widely to STEM education and careers as a whole.
O'Shea, M., Heilbronner, N. N., & Reis, S. M. (2010). Characteristics of academically talented women who achieve at high levels on the scholastic achievement test-mathematics. Journal of Advanced Academics, 21(2), 234-271. 


The study sought to determine characteristics of talented, secondary school young women who scored well on the SAT math portion. Collective expertise of the authors who are all faculty members at accredited Connecticut universities, gave credence to the results. The foundations of the study were based on research showing young women score lower on the math portion of the SATs in comparison to young men and also tend to pick less STEM related degrees and careers than do their male counterparts. A very precise segment of young women was studied, those who were in the top 5% of their class in mathematics and SAT math scores. Information collected regarding the characteristics of these students included basic achievement information such as IQ scores and report cards as well as more qualitative information such as home and school environment. The students self-efficacy rating shows a significant correlation to their success, as did a strong home foundation and academic support from the school environment. It could be considered a weakness of the study that the subjects were so limited in range and it only studied the subject of mathematics; the correlation between some of their shared characteristics could also be considered a strength, since the data collected seems to show good scientific practice. Though the subjects of the study were clearly talented, the shared characteristics found could be a topic for future study. The information gathered regarding these young women has more widespread application. Data from this study provides a foundation for research into gender disparity in mathematics which is a part of science, technology and engineering coursework, and possible insight into how success early on in mathematics may impact the relative likelihood of entering a STEM degree or career field.
Rinn, A. N., McQueen, K. S., Clark, G. L., & Rumsey, J. L. (2008). Gender differences in gifted adolescents' Math/Verbal self-concepts and Math/Verbal achievement: Implications for the STEM fields. Journal for the Education of the Gifted, 32(1), 34-53. 


Gifted students ranging in age from 12 to 16 were the focus of this study which seeks to determine gender differences in performance in STEM coursework. The authors are all faculty members at accredited universities to add credence to their relative expertise on the implications of gender differences on SAT achievement measures. Background information explained both gifted boys and girls seem to perform at similar levels in science, technology engineering and mathematics, yet ultimately, males seem to be predominant in STEM field occupations. Conventional wisdom attributing this gender difference in STEM careers to inherent cognitive ability differences between boys and girls, yet this perception is now considered antiquated. By using gifted students, the authors sought to show performance and ability of girls and boys seems to be similar, yet perceptions of abilities are likely a key difference between the two genders. Two sections of research comprised the study, including students’ mathematics and verbal performance through SAT and ACT testing, and a survey of the students for the purpose of self-evaluation. The I/E Model, that is, Internal/External Frame of reference model which the authors attribute to Marsh, was used to yield a portrayal of self-concept. Comparing self-concept to actual performance can show at least one dimension of why high achieving girls may not progress towards careers in the STEM field. Results did not show any major difference between gifted girls’ and boys’ performance on mathematics achievement tests, but girls did significantly better than boys in verbal achievement. Self-analysis showed no great difference in the realm of mathematical abilities, yet a significant difference regarding verbal ability self-concept was found. Using appropriate research practice was a significant strength of this study, where data was not skewed to demonstrate an expected result, but rather, a unique finding was brought to light on the topic of gender disparity. The authors themselves pointed out weaknesses of the study include a limited range of data where a longer duration study could be more beneficial than a mere snapshot of a particular moment in time. They also acknowledged other limitations of the study, yet felt support of one of the hypotheses was shown in demonstrating girls’ performance and self perception is not significantly any less than boys’ in STEM coursework. This finding that girls do not perform significantly less than boys in STEM coursework is unique when compared to many other studies, so taking this novel finding into account when researching gender disparity and implications in college and career choice will add a unique perspective to research on the subject.

Shapka, J. D. (2009). Trajectories of math achievement and perceived math competence over high school and postsecondary education: Effects of an all-girl curriculum in high school. Educational Research and Evaluation, 15(6), 527-541. 

Performance by girls enrolled in single sex mathematic courses, was compared to the performance of both girls and boys in coeducational mathematic courses to determine if there was in improvement in their respective perceived math competence. Ms. Shapka’s role as a faculty member in the Department of Educational and Counseling Psychology at the University of British Columbia, Vancouver, gives value to the contribution of this study. The single sex mathematics program was voluntary and offered to young women who had performed at 70% and above in middle school mathematics. Data collected within the study included school achievement records such as report cards as well as surveys completed by the students themselves regarding their personal perceptions of their level of mathematics competence. Other information such as parental education level, home environment as well as relative level of support from school was also collected. The variety of data collected demonstrates a strength in the findings of the study, even though data did not demonstrate any advantage for girls who were enrolled in single sex mathematics classrooms with respect to their level of mathematics competence; in fact, a steady decline was shown from the beginning of high school through the first two years of college. The author attributed this weakness in the study to the small sample space, but also noted single sex classrooms could have provided somewhat of a buffer for the young girls’ confidence level down the road. This assertion is based on the data showing math achievement did not decline as rapidly for the girls in single sex classroom when they entered college as it did both for boys and girls in coeducational classrooms. In addition, to address a weakness of the study, the author advised it would be advantageous to follow the students through graduation in possible future studies to yield a more realistic picture of any advantage a single sex mathematics classroom could offer girls with respect to their perception of their competence level in mathematics. This acknowledgement of a weakness of the study, since authors sought to use sound research practice and contemplate the results and opportunities for future study. Though the study focused on a small sample of girls in the single subject of mathematics, findings will be valuable to research regarding gender disparity in STEM and implications in college and career choice, since mathematics is an integral part of science, engineering and technology.
Shaw, E. J., & Barbuti, S. (2010). Patterns of persistence in intended college major with a focus on STEM majors. NACADA Journal, 30(2), 19-34. 


With data collected from SAT test questionnaires, this study investigated the major persistence, how likely a chosen major in a STEM discipline in high school would persist through college, and eventually lead to a degree in a STEM field. Ms Emily Shaw and Ms. Sandra Barbuti are respectively, a distinguished member of the College Board, and a faculty member of Baruch College, an affiliate of New York University. There was a considerable amount of data collected from the SAT information as well as other data from Advanced Placement tests and basic demographic information such as home environment. Using the foundation of SCCT, Social Cognitive Career Theory, the study focused on three specific aspects related to possible persistence in STEM field major choice, self efficacy, outcome expectations and personal goals. Findings did not show consistent influence by these three factors throughout science, technology, engineering and math choices. Researchers noted there was also a limitation on how useful the data was since the students were not followed through graduation to a career field, and additionally, they were not able to communicate environmental supports of or impediments to their success. Another possible weakness of the findings could be related to the fact that advanced placement testing was a determining factor in which students were included in the study which would leave out a significant segment of potential students who were interested in STEM majors. Overall, the large amount of data collected is considered a strength since it did present some valuable information on how students’ perception of their abilities and the usefulness of STEM in their career choices can have an impact on persisting with an intended major. Such findings are important to all aspects of research of gender disparity in STEM and implications for college and career choice. 
Tyson, W., Lee, R., Borman, K. M., & Hanson, M. A. (2007). Science, technology, engineering, and mathematics (STEM) pathways: High school science and math coursework and postsecondary degree attainment. Journal of Education for Students Placed at Risk (JESPAR), 12(3), 243-270. 


Enrollment in mathematics and science courses was examined in this study to gain insight into why women, certain minorities and participants from lower socioeconomic backgrounds, SES, do not achieve degrees in STEM fields as much as males, white and Asian participants, and students from higher socioeconomic backgrounds. The authors bring collective experience from the University of Florida Sociology and Anthropology Departments, as well as the research expertise of an individual from the Florida Center for Career and Community Research. The course-taking categories for mathematics and science curriculum the authors attribute to Burkham and Lee (2003), were used to give a picture of the disparities between gender, race and social classes. The participants in the study graduated from Florida high schools. Background information into the importance of creating a competitive workforce in STEM fields was discussed as a framework for the necessity of this study. Research discussed in the study indicates a relationship between courses chosen in high school, and degrees pursued at the college level. Also, more difficult, what the study calls more rigorous coursework, is often associated with higher achievement on college entrance exams. The STEM pipeline is referred to, that is, the flow of students which begins in high school when students are enrolled in initial mathematics and science courses, through degree work in college, to an eventual career in a STEM field. Leakages occur along the way when students do not continue through the pipeline to complete a degree in a STEM field. In particular, this study sought to determine how the types of courses taken in high school, as well as gender, race and socioeconomics factor into this leakage. Results of the study show the types of mathematics and science courses taken in high school tend to lead students to seek more rigorous coursework in college within STEM fields. The broad base of research subjects could be considered both a strength and a weakness of this study. It would be considered a strength, since a large quantity of diverse date was collected, yet that diverse data could also be a weakness if is caused an inability to focus on a specific data set yielding it meaningless. Conclusions stated it was important to allow equal opportunities for at-risk minorities and those from low socioeconomic backgrounds, since they were just as likely to persist in achieving a STEM bachelor’s degree as male, white and Asian students and those from higher socioeconomic backgrounds if they took the more difficult courses in high school. Since women are a minority discussed in the research as well as the implied impact on college and career choice, this article is useful for the purposes of a literature review on gender disparity in STEM and career and college choice. 
Xu, Y. J. (2008). Gender disparity in STEM disciplines: A study of faculty attrition and turnover intentions. Research in Higher Education, 49(7), 607-624. 

To gain insight into gender disparity in STEM career fields, the study focused on the likelihood of female, post secondary faculty members to acquire positions in STEM focused departments and remain on staff over time. A large initial sample space of over 27,000 faculty members from over 950 post secondary institutions was investigated with over 18,000 actual surveys collected for analysis. The author focused on two models for comparison, attributing Kulis et al. 2002; Pell (1996) with the pipeline model, and Sonnert and Holton 1996;  Settles et al. (2006) with the deficit model. The pipeline model depicts a leakage of female staff flowing through a pipeline feeding the STEM career positions, while the deficit model portrays a relative shortage of the initial female faculty supply due to impediments along their academic and career path. In accordance with the pipeline model, the study determined the primary loss or leakage of female faculty members appears to happen during the hiring process at post secondary institutions. In addition, with respect to the deficit model, female faculty members felt there was a lack of support for them within the academic environment where their voices were not heard nor their needs addressed, especially with respect to research, in comparison to their male counterparts. Based on the author’s experience as Associate Professor in the Department of Counseling, Educational Psychology, and Research at the University of Memphis a strength of the study was its sound construction. However, the author indicates the lack of female faculty members available to take part in the study may have impacted the validity of the study. Despite this weakness, the research indicated the need to support potential female faculty members during the hiring process and communicate with the staff members employed in post secondary institutions to ensure their relative satisfaction with their position and reduce turnover of female faculty members in STEM disciplines. The focus of the study on career choice will provide information with respect college and career choice aspects of the literature review, and additionally, the article does give background information into what leads girls to STEM careers.
Ziegler, A., Schimker, D., Stoeger, H., & Merrotsy, P. (2010). Standards for field evaluations of modifications to educational settings. Problems of Education in the 21st Century, 20, 156-169. 

The authors present a five-part evaluation tool called ENDIT (1) effect establishment, 2) control of the novelty effect, 3) discriminant validation, 4) superiority over compared to implicit control groups, and 5) time-delayed control group) which can be used for identifying shortcomings and implementing educational improvements in schools. ENDIT was used to evaluate the effectiveness of an electronic mentoring program to increase girls’ awareness and involvement in STEM coursework. A total of 231 female high school students were involved in a mentor program evaluated with ENDIT which is an acronym formed from the five components of the evaluation instrument. These components seek to overcome shortcomings in other evaluation tools used for instructional improvement. From a diverse perspective of three international, accredited universities, the authors collectively acknowledge the lack of a proper control group as a primary shortcoming of educational research in general. Through their experience in the realm of educational research, they developed ENDIT to address the issue of a proper control. In effect, the study served two purposes, first as a demonstration of the ENDIT tool, and secondly, to gather information of the effectiveness of the electronic-mentoring program for female high school students. Researchers felt the results using ENDIT performed as expected to yield valid results nearest the results of a study where controls were employed, through the use of implicit control groups, and time-delayed control groups. The initial intent to find a way to overcome the problem of lack of control groups in educational research is a strength in this study to yield useful data. However, an inherent weakness in the process is using an experimental tool to evaluate data. If the tool has not been previously tested and proven, it could yield invalid data. The findings demonstrated girls who used a visualization tool within the electronic mentoring program tended to participate more and have more interaction regarding STEM coursework. For the purposes of the literature review, this finding will be an aspect of addressing gender disparity in the STEM field on the secondary school level with respect to how to encourage girls to participate in STEM coursework which may lead to STEM college and career choice.
