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Both the subject of gender bias in the classroom and the more contemporary topic of promoting STEM, science, technology, engineering and mathematics, have had considerable research done on them. Since the time of the women’s liberation movement, significant research has been completed in the area of gender bias in the classroom, especially with respect to math and science. Further, there exists a variety of information on how women are underrepresented in STEM degree fields, as STEM faculty and within the STEM industry in general. More recently, the necessity of remaining competitive in world markets in STEM fields has been in the news to keep up with the exponential growth of technology since the dawn of the new millennium. This literature review serves to evaluate a variety of viewpoints, and make a summary of findings on the topic of gender disparity in the classroom and implications regarding the impact of gender disparity upon young women’s college and career choice.

The studies reviewed are not at all homogeneous. Goals of this review are to compile differing points of view, and to target and discuss future research opportunities based on the wide array of findings. The topic of gender disparity has been a point of discussion for many years, yet only studies from 2007 or later were considered for review. Though the articles did not have the exact same focus throughout, at least ten significant common threads pertinent to gender disparity from secondary school, college and the workforce were found among them. These demonstrated similarities are summarized in Table 1 to follow. For clarity, the commonalities between articles are further broken down into subcategories of student characteristics, societal topics, descriptive models and STEM specific topics. Summary and discussion of the twelve articles based on these ten characteristics will be the predominant component of this literature review. Both general and specific suggestions for improvement will be made. Finally, a cohesive set of suggestions for future study topics will be suggested based on the common conclusions the diverse content of the articles presented.

Description of Shared Topics for Discussion


The chart below summarizes 10 significant commonalities found throughout the 12 research papers under consideration in this review, with a brief description of each topic in subsequent paragraphs. 
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Cantrell Chouinard Kaino MahoneyMcCarthy O'Shea Rinn Shapka Shaw Tyson Xu Ziegler

STUDENT CHARACTERISTICS

Achievement x x x x x

Self-Efficacy x x x x x

SOCIETAL TOPICS

Career Counseling x x x x x x x

Parental Education and Support x x x x

Societal Impediments x x x x x x x x

Teacher and School Support x x x

DESCRIPTIVE MODELS

Deficit Model x x

Pipeline Model x x x x x x x x x x x

STEM SPECIFIC TOPICS

STEM Gender Disparity-Education x x x x x x x x x x

STEM Workforce for Global Competition x x x x x x x


Table 1

Student Characteristics

Achievement. 


The student characteristic of achievement is probably one of the most basic measures of data used within the studies. Achievement comes in the form of instruments such as classroom grades and test scores, standardized tests, advanced placement and college entrance exams. Many of the studies reviewed focused on scores in the STEM fields of science, technology, engineering and mathematics, such as the Shapka study (2009), which focused on girls in single sex mathematics classes. Though quantitative measures, other qualitative information gave insight into the data collected.

Self-Efficacy.


This topic was mentioned in several articles as a pertinent topic for study since students’ perceptions of themselves and how effectively they can perform in a course, seems to have an impact on their relative success or failure in STEM classes (Rinn, McQueen, Clark, & Rumsey, 2008). 
Societal Topics


Career Counseling.


The topic of career counseling describes specific interventions geared toward informing students regarding career choice. Often career counseling will give examples of career duties, as well as the career pathway required both in secondary school and college. In one study which was reviewed, industry leaders were guest speakers who related well to the students and clarified how their school work was applicable to their position and also explained some of the day to day activities involved in their job (Cantrell & Ewing-Taylor, 2009).

Parental Education and Support.

A number of studies sought to show a relationship between the level and type of education parents have, and the aptitude of the students in STEM courses. One study in particular realized some students had parents with degrees in fields related to STEM and were available to tutor the students and help them with homework (O'Shea, Heilbronner & Reis,2010).

Societal Impediments


Impediments from society which may lead to gender bias in STEM education and career choice can be as subtle as girls merely perceiving they are not welcome in a field or as overt as women not being given as many opportunities in STEM when they have the same qualifications as their male counterparts (Shaw, & Barbuti, 2010).

Teacher and School Support.

The support of teachers in the study was in the form of academic support from teachers and the school environment, as well as the perceived support students felt in the classroom. 

Descriptive Models 


Several of the studies reviewed used the deficit and pipeline models to demonstrate different aspects of gender disparity in STEM college degrees and careers. One article used these models in particular as the foundation of a study to contrast the different reasons for gender disparity in post secondary institutions with respect to the low level of female faculty members in STEM disciplines (Xu, 2008).  

Deficit Model.


The deficit model of gender disparity is based on the premise that there exists either a lack of flow of females into the fields in college, or there are not enough females being hired. Such a lack of flow indicates there is an impediment to the initial flow (Xu, 2008).

Pipeline Model.


Where the flow of females into STEM fields is presumably impeded in some way in the deficit model, the pipeline model assumes a sufficient flow from secondary schools and from those choosing STEM degrees, yet leakage occurs along the way to a career in a STEM field. The leakage of female STEM professors may be the women who enter a degree in STEM but do not graduate in the field, or women who have STEM degrees, teach in the discipline, but leave their position (Xu, 2008).

STEM Specific Topics

STEM Gender Disparity-Education.

Gender disparity in STEM education refers to both the initial background discussions, as well as the actual findings in the research. The discussions and findings demonstrate less girls taking or being successful in courses in secondary school, and the possibility of not choosing or completing STEM degrees in college. The lack of female STEM degree seekers would imply less female workers in STEM-based careers. Some of the articles presented background data based on the premise that  a steady flow of students were not being fed into STEM degrees, implying the maintenance of a competitive global workforce would not be achieved (Cantrell , & Ewing-Taylor, 2009).
STEM workforce for global competitiveness.


To clarify the reason for a particular study, some of the articles reviewed presented background information demonstrating the need for a competitive global workforce where there was a steady flow of workers in STEM field to maintain the necessary employees in many technolog- based fields (Mahoney, 2010). 

Discussion of Shared Topics for Discussion


Discussion of shared topics amongst the twelve reviewed articles will provide an interpretation of the articles which show the best representation of the particular topic. Some topic discussions are more extensive than others based on the relative quantity and significance of data and conclusions provided. Though more in-depth evaluation could be provided since many of the topics overlap, such an evaluation would be lengthy and beyond the scope of this review.
Student Characteristics

Achievement.

Though only about half of the articles included content regarding student achievement, such as report card grades, standardized and advanced placement test scores, often these assessment tools provide a valuable quantitative data when researching girls’ aptitude and success in STEM-based courses. 


The O’Shea study specifically sought out high achieving young women, with very specific qualifying criteria for inclusion in the study. The point of this focus was to investigate the similarities and differences between these young women to see what may have attributed to their success in STEM related coursework such as upper level mathematics and science courses. Achievement was balanced with qualitative experiential data such as their home environment. Of the students studied, 61% of the girls’ parents worked in a STEM related field (O’Shea et al., 2010). A standout finding for the researchers was the fact that 82% of the students had the benefit of their parents’ ability to advise and instruct them in mathematics topics (O’Shea et al., 2010). Though the focus of this study was the high-achieving young women, perhaps a focused intervention of tutorial support could bolster the skills of others in STEM-based courses.  


Though the Rinn study also focused on high achievement, this achievement was not only of girls in mathematics, it was the comparison of both male and female students’ perceived performance and actual achievement in both verbal and mathematics testing. The I/E, Internal /External Frame of reference model attributed to March, 1986 was employed to measure the difference in perception and actual achievement between boys and girls. The study found there was no significant difference between either mathematics performance perception or actual mathematics performance between males and females. The most significant finding differentiating males and females was that females had a significantly higher actual verbal performance, as well as a higher perception of verbal performance than males. Articles included in this review focus on the lack of females in STEM fields, yet the author was bold enough to state, “If gifted young women are endowed with high abilities in verbal and mathematical areas, they may simply have more options with regard to a career, unlike males who may be limited to one area” (Rinn et al., 2008). 

The remaining articles, which included the topic of achievement in the study, were all longitudinal studies that took achievement data from secondary school through college. One study sought a trend in a students’ initial degree choice over time to see if they persisted with an intended STEM degree through to completion (Shaw, & Barbuti, 2010). Another of the studies investigated components within STEM curriculum pathways, and the relative success of students within certain minority groups, including females, racial minorities and students from low socioeconomic groups (Tyson, et al., 2007).   

Self-Efficacy.


Background information based on qualitative data collection provided by many of the studies under review, showed successful learning happens when students feel confident in themselves and their skills. The study presented by Kaino credited a colleague’s study with the statement “Anxiety in learning has been described to affect confidence among learners”  (Wigfield & Meece, 1988). In Kaino’s study which looked into the benefit of technology in instruction, both male and female students who used computers in the classroom seemed to have less anxiety when learning with technology. In concluding remarks, the author stated using computer technology “…could motivate students especially girls to feel comfortable in learning…” (Kaino, 2008, p. 267). For accuracy, it should be noted this particular study was completed in Botswana. Though the data collection was valid, cultural differences could impact general application of the results. 

The article by Chouinard and colleagues, focused on self-efficacy, that is competence beliefs, as well as utility value, how much usefulness the students assign to the subject, achievement and effort with respect to relative success in mathematics coursework. Based on results from their research the authors suggested “…teachers should avoid eliciting competition among their students…” (Chouinard et al., 2007, p.514) which tended to erode self-efficacy or competence on a personal level. Though this study did not specifically deal with the broad spectrum of STEM courses, in some respects, science, technology and engineering have their foundations in mathematics, so implications from this study likely provide valuable insight into student success in STEM coursework in general.

The other studies which investigated some aspect of self-efficacy sought to gain information specifically about the impact of self-perception of competence in STEM-based coursework of young ladies in secondary education. Two of the studies investigated students with respect to standardized test scores, with one focusing on female test takers scoring in the upper 5% of SAT mathematics (O’Shea et al., 2010) and the other investigating a broader range of  gifted male and female students with respect to both SAT verbal and mathematics scores (Rinn et al., 2008). Another study, which gathered data about high school girls, focused on an initiative to recruit girls to STEM courses with an aggressive revamping of the way STEM courses are presented to girls including many hands-on, project-based programs (McCarthy, & Slater, 2010). 

Societal Topics

Career Counseling.

One of the articles specifically focused on exploration of STEM through career exploration via seminars which were presented within the schools (Cantrell , & Ewing-Taylor, 2009) for the benefit of the students. The seminars lasted for a period of weeks and involved more than just bland, information regurgitating presentations. There was ample interaction between students and industry professionals specifically recruited to remove any negative stigma with which STEM careers may have been associated. 

Many of our speakers used PowerPoint presentations to great advantage coupled with a high energy level, a good sense of humor, and a great capacity to relate to young people. Such speakers were invited back year after year as one of the topics of the research (Cantrell , & Ewing-Taylor, 2009).

Such dynamic speakers gave students a real-world view of what working in a STEM career truly involved to help them make more reality-based career decisions.


The article by McCarthy and Slater also demonstrated a more experiential venue for STEM-based career exploration by involving girls in technology first hand throughout their high school experience, and even before. Girls from the study began exposure to technology early on, pairing girls in middle school with high school mentors. Developing hands-on, technology projects such as operational vehicles was beneficial in letting the girls put their technology skills to work, which could later translate to career skills. (McCarthy, & Slater, 2010). 

The other articles discussing career counseling, did so in a more general sense by supplying information to students or how students determine degree and career choice. The two articles discussed above were the only ones in the context of this review to employ specific strategies to recruit students toward STEM careers.


Societal Impediments.

Though her article was primarily focused on the post secondary nature of the gender disparity issue with respect to STEM, Xu expresses the underrepresentation of women in STEM field positions in post secondary institutions is not by choice, but can be attributed to societal impediments. Using both the pipeline and deficit models attributed to Kulis, 2002 and Sonnert and Holton 1996, respectively, the study demonstrates women faculty are underrepresented based on two different factors. Under the pipeline model, the women veritably leak from the flow of STEM professionals over time, while under the deficit model, they are impeded in getting positions from the start (Xu, 2008).


Teacher and School Support.

Two articles discussed at length the impact of teacher and school support with respect to success in academics. Both of these articles focused on high achieving young women, the first focusing on how young ladies perceive their successes compared to their male counterparts and the later investigating characteristics of high achieving female students. The findings by Chouinard et al., 2007, showed “…teachers’ support usually affects competence beliefs … and mastery goals …” (p. 510). Students who were supported by their teachers had more confidence in themselves, and tended to set high goals for themselves. Teacher support for academic success was demonstrated in an unexpected result in the Journal of Advanced Academics article

Teachers who challenge young women to defend their answers and who have a clear passion for mathematics also seem to produce results. Participants in this study also reported that they did well with teachers who showed an interest
in their lives outside of the classroom (O’Shea et al., 2010, P. 261). 

These findings move beyond a conventional teacher’s instructional support toward a vested interest in the students as individuals. 
Descriptive Topics


The Xu article discussed the STEM workforce specifically within the realm of postsecondary education. Since the Xu study made use of the Deficit and Pipeline models specifically, it serves as a good example to further discussion of the findings.

Deficit Model

The study by Yonghong J. Xu explains the  “ …deficit model (Sonnert and Holton 1996), deals with the supply and sustainment of women in STEM fields” (Xu, 2008, p. 608). If there is a shortage of women in STEM field degrees and faculty positions in accordance with this model, it indicates a problem during the initial hiring stage. 

Pipeline Model

In contrast to the deficit model outlined above, Xu’s article described the Pipeline Model as follows:
The Pipeline Model is a metaphor with two possible aspects to the underrepresentation of women in STEM: the importance of increasing the volume of flow of females from grade school to graduate school and preventing ‘‘leakage’’ down the line at all stages (Kulis et al. 2002). It ‘‘assumes that an enlarged female doctoral labor pool (more flow) will expand the female professoriate”  (Xu, 2008, p. 608).  

STEM Specific Topics

STEM Gender Disparity-Education.

With respect to gender disparity in education, the articles authored by Shapka as well as Ziegler focused on this issue. Though the Shapka study sought to show a strong support for single sex mathematics instruction, the results, did not show supporting evidence. The study did demonstrate good research practices where no conjecture was made within the research to skew results. The author pointed out perhaps the sample space was not large enough to show a significant advantage or disadvantage of single sex instruction, or perhaps a longer term longitudinal study would be beneficial (Shapka, 2009). 

The Ziegler article from Problems of Education in the 21st Century, demonstrated a specific computer-based mentor program to support girls in STEM coursework. The study states “… an examination of four different indicators of participation behavior showed that the participation rate does in fact increase significantly after the introduction of the

visualization tool” (Ziegler et al., 2010, p. 167). Though participation does not necessarily lead to success in STEM coursework, increased interaction and enthusiasm for a subject indicate at least a degree of positive outcome from the program’s introduction.

STEM Workforce for Global Competition.

The research studies having the greatest focus on STEM with respect to the topic of the global workforce, were the Shaw and Tyson articles. Both of these studies were longitudinal where they followed students from secondary school at least part of the way through college. Significant background information from a variety of previous studies was included in these articles to establish the fact that there is indeed a need to start creating interest in STEM during school years. The flow of students interested in STEM degree programs in college needs to be maintained through graduation in order to create a qualified workforce in our technology intensive society in order to remain globally competitive.  


The Shaw article sought to demonstrate whether students persisted with their choices to enter STEM degree programs they had indicated on SAT surveys. Though the study had a significant amount of data collected over time, there was no direct relationship to persistence and the factors studied. However, the students were only followed through the third year in college and concluding remarks suggest “… an examination of the persistence rates in major through graduation to determine how similar those results are to findings from the third year of college” (Shaw, & Barbuti, 2010, p. 31). 


In the Tyler article, students from diverse backgrounds in Florida high schools were the subject of the study. Similar to the Shaw & Barbuti study, this article provided background information regarding the need for quality candidates for STEM degrees to feed the need for STEM-based workers in the future to remain competitive on global markets.  A significant finding of this research is 

Somewhat surprising and most encouraging,the results of our analyses show that minority students who are prepared for STEM degree attainment by virtue of taking high-level science and mathematics courses, particularly calculus, chemistry, and physics at the highest levels, are more likely to persist through STEM coursework in college than their White counterparts and obtain a STEM degree (Tyson, et al., 2007, p. 268).


This finding is one of the most significant realizations demonstrated amongst the twelve articles reviewed, in effect, saving the best for last. This shows it is not so much the support or the perceived competence a student has that leads to success as much as the opportunity.  
Suggestions for improvement


Though there is room for improvement for all of the articles, not every article will be analyzed in this respect since such an evaluation would be beyond the scope and size of this paper. Below are some general suggestions for overall good research practices which cover a variety of the articles. More specific suggestions are made for particular articles which seemed to portray a veritable missed opportunity of an otherwise valuable study.
General Suggestions


Sample Space.


Generally speaking, the articles had a wide range of sample space chosen for study. In most cases, the larger the sample space the more valuable the information gathered. This was especially true for the study regarding the faculty attrition (Xu, 2008), where over 18,000 questionnaires were collected. 

Some of the most valuable studies were longitudinal studies, following the subjects over time. An obvious advantage, is the data collected will likely show a trend which may not be visible in a shorter period of time. Something apparent over a year or so, may not be sustained beyond the scope of the short study. 

Finally another important suggestion to consider would be the importance of measuring qualitative data in an effective manner. Much of the data collected was based on feeling and perceptions and not quantifiable data, with the exception of data which represented quantities of students or faculty with respect to attrition. 


A standout study took the limitations of qualitative data into account proposing to develop a tool to measure qualitative data effectively. It was impressive how the researchers first developed a group of 50 questions to determine attitude, but had a panel of industry professionals and teachers evaluate and edit the questions to more appropriately measure factors they felt were important. The data was subsequently, meticulously and statistically evaluated. The use of an advisory panel such as the one employed in this study is valuable to add credence evaluation tools.
Specific Suggestions


More than one study evaluated just a snap shot in time of a particular aspect within the realm of gender disparity in STEM and implications for college and career choice. In some cases, extension of longitudinal studies would have been more valuable. This is especially true of the study focusing on the likelihood of students to complete an intended college major expressed on SAT questionnaires. If persistence to graduation was important, it was shortsighted not to follow the students through to graduation. 

Another specific suggestion is with respect to the size of the sample space for the study regarding the girls in the same sex mathematics class. This study was very small only incorporating the classes within one school and could possibly have yielded biased results. Single sex classrooms can be in all girls schools or coeducational schools. The structure of the differing classroom environment and the curriculum could influence outcome.   


Studies are often performed over a short period of time, on a relatively small sample space. If all studies required a lengthy study of a significant sample space, there would likely be less studies performed due to the expense and time involved. As is also often the case, at the conclusion of the studies, there are realizations regarding time and appropriate sample space which could have influenced the data collected. In reality, this is actually a good thing, since these realizations often lead to future opportunities for research to address shortcomings of the initial study. 


Topics for Future Study


The spotlight of this literature review is gender disparity in STEM courses and the implications it may have with respect to the college and career choices women make. Not all of the articles specifically focus on gender, yet the information gathered was useful in other respects. Likewise, every study does not discuss STEM, but components of STEM or student achievement which are pertinent to the topic. Due to the suggested modifications in the previous section, and possible missing components of the individual studies, the culmination of them points out topics of future study to gain further insight into the topic of gender disparity in STEM coursework and its implications for college and career choice.

Though it would be time consuming and quite likely expensive, a valuable topic of research would be to complete a study regarding major persistence, in the four fields of STEM, science, technology, engineering and mathematics to find which fields women tend to persist in both the least, and the most. Based on these results, similar to the study regarding the gifted young women by O'Shea, Heilbronner, and Reis, find what characteristics and supports these woman have and if they can be replicated to benefit others without the same supports. Such a study would go beyond mere identification of gender disparity in STEM for these young woman and investigate further the implications such disparity would have on their future college and career choice. 
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