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Supervisor:  Catherine Riegle-Crumb 

 

 Are students in the physical sciences/engineering (PS/E) similar, in terms of 

academic performance and degree persistence, to students majoring in other fields?  

Previous research tends to focus exclusively on students within STEM; conversely, this 

dissertation uses a nationally representative sample to examine persistence rates among 

students whose initial major is in PS/E, life science, business, social science, education, 

health, or humanities.  Students in PS/E majors are sometimes more and sometimes less 

likely than students in other fields to earn a degree in their initial field of study versus 

another field.  Additionally, students in PS/E are the most academically prepared for 

college, as measured by high school mathematics and English performance.   

 Despite these high levels of preparation, PS/E students earn lower college grades 

within their intended field of study than students in other fields.  The results show that the 

gap in college grades, net of background and preparation, explains (in part) why students 

in business, education, and humanities have higher persistence rates than students in 

PS/E.  Moreover, the association between within-field college grades and persistence is 



 v 

strongest for PS/E students.  Taken together, these results demonstrate that students who 

enter PS/E are indeed unique in terms of academic performance, persistence, and the 

relationship between the two.     

 Further, among PS/E students, females are more likely than males to earn a 

degree in fields outside of PS/E compared to within PS/E.  Using college transcript data, I 

investigate the commonly used argument that gender gaps in PS/E persistence can be 

explained by female underachievement during the college years.  Regardless of whether 

performance is measured using students’ PS/E GPA, the proportion of low grades earned, 

or the difference between PS/E and non-PS/E GPA, there is no evidence that differences 

in performance explain the gender gap in persistence.  This result is not surprising given 

there is no significant gender gap in PS/E grades.  Lastly, I find that the relationship 

between PS/E GPA and persistence is similar across gender.  These results build on the 

growing body of literature suggesting that gender differences in academic performance 

are ineffective at explaining gender inequality in PS/E.   
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Chapter One: Introduction 

WHY STUDY STEM FIELDS? 

 Innovations in science, technology, engineering, and mathematics (STEM) have 

driven economic growth in the United States since the 1950’s, helping to create a 

competitive job market and a high standard of living for those employed in these fields 

(Atkinson & Mayo, 2010; Baker, Smith, & Swanson, 2011).  The U.S. Department of 

Commerce reports that scientific and technological innovation is responsible for almost 

75 percent of the growth in the American economy since World War II (Glassman, 

2010).  This innovation has played an essential role in the improvements in health care, 

education, transportation, environmental science, and national security, while at the same 

time creating higher-skilled and better-paid American workers (OECD, 1994).  

Continued innovation is dependent upon a workforce educated in STEM.  As the 

Organization for Economic Co-operation and Development (2010) observes, “Education 

systems play a broad role in supporting innovation because knowledge-based societies 

rely on a highly-qualified and flexible labor-force in all sectors of the economy and 

society.”  A highly educated workforce is necessary for scientific innovation, and for this 

reason, governmental agencies have focused on policies designed to increase educational 

attainment in STEM.      

Concerns over both the quality and quantity of the STEM workforce have ignited 

fears about the ability of the United States to remain a leader in scientific innovation 

(National Academy of Science, 2005).  Carnevale, Smith, and Strohl (2010) warn that 
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employment opportunities in STEM-related fields will grow almost 17 percent over the 

next decade and that over 90 percent of the new jobs will require a college degree.  An 

exploration into the relatively slow rate of change in STEM bachelor’s degree attainment 

over the last couple of decades only heightens the concern.  The United States Bureau of 

Labor Statistics (2010) reported that from 1993 to 2003, the number of bachelor’s 

degrees awarded in STEM fields grew about 2 percent each year, with the rate slowing 

since 2003.  However, growth was not consistent across fields.  In the biological sciences, 

growth from 1993 to 2007 was 65 percent, while growth in the physical sciences and 

engineering was quite minimal.  Mathematics and computer science majors experienced 

large growth from 1998 to 2002, followed by a decline from 2004 to 2007.  Efforts 

designed to boost the STEM workforce in response to potential shortages have generally 

focused on improving K–12 education and increasing interest in STEM among these 

students (National Commission on Excellence in Education, 1983; National Academy of 

Science, 2005; U.S. Commission of National Security, 2001).   

The hope of such efforts is that increasing the flow of students selecting STEM 

majors in college would ultimately result in more students attaining STEM degrees.  

Atkinson and Mayo (2010) critique this as a “some STEM for all” approach, and argue it 

is too expensive relative to the results it produces.  In contrast, they suggest that a more 

cost effective approach would be to focus on the students already interested in majoring 

in STEM.  Past studies have estimated that 45 to 50 percent of students who enter STEM 

majors never earn a STEM degree (Chen, 2009; Daempfle, 2002), leading some to 

suggest that future policies should target these students instead of focusing on increasing 
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the flow of students into STEM majors (Atkinson & Mayo, 2011; Seymour & Hewitt; 

1997).  The desire to target the loss of students at the collegiate level is often driven by 

the supposition that something is “wrong” with STEM fields, which prompts students to 

leave (Seymour & Hewitt, 1997).  Yet there are few empirical studies that actually 

consider whether the losses within STEM are greater or less than those found in other 

fields of study.  If students in STEM fields have lower persistence rates—that is, 

persisting in a particular area of study through graduation—compared to their peers in 

other fields, then focusing attention on changing the different characteristics between 

fields may be an effective way to increase the number of students earning STEM degrees.  

On the other hand, if STEM students have higher persistence rates, policy efforts may be 

better suited to focus on getting more students interested in earning STEM degrees.   

College fields differ in several ways that facilitate or inhibit degree attainment; 

most notably, they vary in their academic demands and grading standards.  In addition, 

there are differences in class size, level of student integration, accessibility of faculty, 

gender composition, and social climate (Pascarella & Terenzini, 2005; Seymour & 

Hewitt, 1997; Tinto, 1993).  Further, different characteristics found between fields shape 

students’ experiences and their ultimate degree attainment (Leppel, 2001; Sabot & 

Wakeman-Linn, 1991).  Pascarella and Terenzini (1991) concluded in their research 

summary that student grades are likely the most revealing indicator of a students’ 

successful adjustment to college, and a large body of research confirms that grades are 

positively related to student persistence (Ewert, 2010; Hu, McCormick, & Gonyea, 2011; 

Ost, 2010; Rask, 2010; Tinto, 1987).  Grades serve an important role for students as they 
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help them assess their strengths and weaknesses from one field of study to another and 

are a valuable measuring stick for students as they try to determine their chances for 

success in a given field (Dowd, 2000; Milton, Pollio, & Eison, 1986).  In recent decades, 

concerns about grade inflation have increased, putting into question the ability of grades 

to provide accurate information to students (Kamber & Biggs, 2003; Boatright-Horowitz 

& Arruda, 2011).  Many believe that the grades in only some fields have risen resulting in 

a split within universities into high- and low-grading departments (Freeman, 1999; Shea, 

1994; Sabot & Wakeman-Linn, 1991).  It is generally accepted that instructors within 

STEM assign the lowest grades (Hunt, 2008; Kokkelenberg & Sinha, 2010; Rask, 2010; 

Sabot & Wakeman-Linn, 1991), which brings into question whether grades in these fields 

are providing students with accurate information about their relative abilities from one 

field of study to another.  This begs the question whether the lower grades students are 

awarded in STEM majors leads to lower persistence rates among these students.   

WHY STUDY GENDER? 

In addition, concerns about gender inequality in STEM have garnered a great deal 

of attention.  Researchers concerned with inequality in higher education often discuss two 

possible axes of segregation, vertical and horizontal (Charles & Bradley, 2002; England 

& Li, 2006).  Since the 1950s the change along the vertical dimension has been quite 

remarkable, where women have gone from being less likely to being more likely than 

men to earn a bachelor’s degree (Buchman & DiPrete, 2006; Shavit, Arum, & Gamoran, 

2007).  While current norms have opened the door to postsecondary education for 

women, segregation across the horizontal dimension, field of study, remains resistant to 
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change (Alon & Gelbgiser, 2010).  Charles and Bradley (2002) argue that in the United 

States, cultural norms endorse the idea that the genders are fundamentally “equal but 

different” and therefore, children continue to be encouraged to pursue fields that are 

appropriately feminine or masculine.  While some movement of women into male-

dominated fields was made during the 1970s and early 1980s, transitioning business and 

the life sciences from male-dominated to more gender-equitable, little change has 

occurred since (England, 2010; England & Li, 2006; Jacobs, 1986, 1995).  Consequently, 

many fields remain heavily dominated by one gender or the other, with men earning at 

least two-thirds of the degrees awarded in the physical sciences/engineering (PS/E)1 and 

women earning over two-thirds of the degrees in education and health (Gerber & Cheung, 

2008; Goldin, Katz, & Kuziemko, 2006; Xie, 2006).   

Statistics from the National Science Board (2008) show that women accounted for 

only 38 percent of the STEM bachelor’s degrees awarded in 2008.  This inequality in 

degree attainment has prompted a great deal of research attention.  However, within 

STEM there exists a considerable difference in the gender composition of sub-fields.  In 

the life sciences, women earned 58 percent of the bachelor’s degrees awarded in 2008, 

while in PS/E women earned a mere 25 percent.  There are undoubtedly important 

differences between the gender equitable life sciences and male-dominated PS/E that may 

be missed when combining both fields into one (Riegle-Crumb & King, 2010; Ost, 2010).  

In this dissertation, I examine the life sciences and PS/E separately.  Since gender 

                                                 
1 In this dissertation the abbreviation PS/E is used to represent a group of majors including: physical 

sciences, engineering, mathematics, computer sciences, and chemistry.  For more detail of the degree areas 

included in PS/E see Appendix A. 
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inequality is a main focus of this work, PS/E is the relevant reference group for my 

analyses.    

The underrepresentation of women in STEM, or more specifically PS/E, has 

garnered a great deal of attention and remains a hotly debated issue.  Millions of dollars 

and extensive research efforts have been invested in trying to reduce the stratification 

seen in these fields (AAUW, 2008; Campbell, Denes, & Morrison, 2000).  Despite these 

efforts, underrepresentation persists (Jacobs, 1996; Xie & Achen, 2009).  The relative 

absence of women in PS/E remains a powerful force in structuring gender disparities in 

higher education and the workforce (Alon & Gelbgiser, 2010; Bradley, 2000; Jacobs, 

1986, 1995; Turner & Bowen, 1999).  PS/E is vital for promoting strength and economic 

prosperity and, as such, it holds a privileged status within society (Sonnart, Fox, & 

Adkins, 2007).  Graduating with a PS/E degree often leads to a high-paying and high-

status job, thus women’s relative absence from the field comes with both an economic 

and social cost (Charles & Bradley, 2002; Clark-Blickenstaff, 2005; Brainard & Carlin, 

1998; Staniec & Ordovensky, 2004).  Moreover, concerns flourish that the United States 

lacks sufficient numbers of students trained in PS/E to meet the growing need for workers 

in this field (Business Roundtable, 2008; National Academy of Science, 2005).  Because 

so few women currently earn PS/E degrees, increasing their representation has the 

potential to make a significant contribution to the scientific workforce (Xie & Shaumen, 

2003), as well as potentially reducing existing power relations in society (Roger & 

Duffield, 2000).    
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The prevailing view for bringing more women into PS/E has been to develop 

policies which keep women interested and prepared for PS/E participation throughout 

their school years.  Past research has focused on the large gender gap observed in the 

declaration of a PS/E major, and how factors from the elementary and secondary school 

years impact this gap.  While the gap in the selection of a PS/E major is much larger than 

the gap in persistence, many argue (as mentioned previously) that a better investment of 

time and money is to focus on students who enter college with an interest in earning a 

PS/E degree (Atkinson & Mayo, 2011; Clewell & Campbell 2002; Glover, 2002).  These 

students have successfully navigated the K–12 system and maintained an interest and 

desire to study PS/E, yet among these students many studies have found that women are 

more likely to switch majors than men (Griffith, 2010; Ost, 2010).  Glover (2002) argues 

that policies which focus too exclusively on increasing the flow of women into college 

PS/E majors without concern for changing the environment in which science is done are 

destined to fail.  Therefore, understanding why women are less likely to persist in PS/E is 

an important question.   

Historically, attempts to explain inequality in PS/E commonly resort to theories 

about women’s under-achievement in math and science (Xie and Shaumen, 2003).  It has 

long been argued that success in these fields is based exclusively on individual ability and 

effort (Merton, 1973); therefore if women are less likely to persist in PS/E, it must be due 

to a lack of ability or effort on their part.  In college this would likely manifest itself in 

lower grades; thus gaps in persistence are often thought to be the result of differences in 

college performance between male and female students (Strenta, Elliott, Adair, Matier, & 
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Scott, 1994).  While at one point males did earn higher math and science grades, the 

evidence among recent cohorts suggests that gender gaps are now quite small and 

females have consistently outperformed males outside of math and science (Adelman, 

1998; Felder et al., 1995).  As a result, if females persist in PS/E at lower rates than 

males, it is unlikely that differences in average grades will explain the gender gap in 

persistence.  However, it is possible that the higher grades females earn outside of PS/E 

lure them out of their intended major more often than is the case for males.  Or it may be 

the case that males and females respond differently to the grades they receive, and as a 

result this contributes to the gap in persistence.  There exists a body of literature which 

has considered these issues with inconsistent results emerging.  One reason for the 

inconsistency may be that nationally representative data including college transcript 

information is extremely rare.  Many studies use data from a single or small group of 

universities, perhaps helping explain the conflicting results that have emerged (Ost, 2010; 

Strenta et al., 1994; Zavala, 2011).  Therefore, a study using nationally representative 

data, including transcript information, is needed to further understand the role of college 

performance in explaining the gender gap in persistence. 

METHODS AND RESEARCH OBJECTIVES 

It is with this background information about STEM, college performance, and 

gender that I designed this study.  In Chapters 2, 3, and 4, I describe three separate but 

clearly related research studies.  Each chapter includes an introduction, a review of 

relevant literature, a data and methods section, a discussion of the results, and a 

conclusion.  Chapter 5 provides a conclusion and discussion of the work in the entire 
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dissertation.  I’ll briefly discuss the research questions from each chapter to lay the 

foundation for the work that is to come.   

In Chapter 2, I look broadly across fields of study to compare persistence rates 

between PS/E students and those in the life sciences, business, the social sciences, 

education, health, and the humanities.  Past research has focused intently on the students 

who leave PS/E, without considering whether these types of losses are typical among 

other fields.  So I begin with the question, do PS/E students really have the lowest 

persistence rates?  As courses within PS/E majors are known for being among the most 

challenging courses in college, it is reasonable to think that students who are more 

academically prepared are the ones most likely to enter PS/E majors.  Therefore, I 

examine whether disparities in persistence between fields remain once prior preparation 

is taken into account.  Lastly, I consider gender.  It is well established that men and 

women sort differently into majors, but much less is known about how persistence rates 

across an array of different majors vary by gender.   

In Chapter 3, I introduce college grades as a key mediator for any disparities in 

persistence found in Chapter 2.  My goal is to explore whether there is something unique 

about the grades awarded in PS/E courses that may be associated differences in 

persistence between fields of study.  My analyses are guided by two issues.  Do PS/E 

students persist less than students in some fields because they earn lower grades?  

Secondly, is the relationship between GPA and persistence stronger for PS/E students 

than for students in other fields?  Furthermore, I investigate whether the same patterns 
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discovered above hold when looking at the analyses separately for males and females.  

Past research often highlights gender differences, especially when exploring the male 

dominated field of PS/E, so here I feel it is relevant to examine whether differences by 

gender exist.   

Finally, in Chapter 4 I move my attention away from making comparisons across 

fields, and focus exclusively on the gender gap in PS/E persistence.  I examine two 

possible explanations for the gap.  First, I consider the possibility that gender differences 

in performance explain the gap in persistence.  I realize that gender differences in average 

PS/E grades may be small and are therefore unlikely to explain a significant portion of 

the gap.  So I move beyond looking at average grades to examine other methods for 

measuring performance, namely the proportion of D or F credits earned and the 

difference between students’ PS/E and non-PS/E average grades, and I evaluate the 

ability of each to explain gaps in persistence.  Secondly, I consider whether the estimated 

effect of performance on persistence varies by gender.  The goal here is to focus on 

students at the low end of the grade distribution and see whether females with low grades 

are more likely than males with low grades to switch out of PS/E majors.   

To address these objectives, this dissertation utilizes data from the National 

Education Longitudinal Study (NELS: 1988-2000) and the accompanying college 

transcript data from the Postsecondary Education Transcript Study (PETS).  NELS is a 

longitudinal study following a cohort of eighth grade students from 1988 until 2000.  As 

part of the study, college transcripts were collected from each student in NELS who 
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attended a postsecondary institution.  NELS is the more recent, and one of only two 

nationally representative datasets to include both students’ high school and postsecondary 

transcripts as part of the data collection (Laird, Chen, & Levesque, 2006).  These data are 

uniquely suited to address my research questions, as they provide detailed information 

from high school through college for a nationally representative sample of students.   

While the need for more PS/E graduates is well established, it is not necessarily 

desirable for every student to remain in their intended field of study throughout college.  

Students should use the college years to explore their interests and make informed 

decisions (based in part on their relative strengths and weaknesses) about the field in 

which they earn a degree.  Ideally, persistence should be closely related to students’ 

personal interests and strengths, and not the unique experiences found in one field of 

study compared to another.  If grades are assigned differently across field of study or the 

way students respond to their grades varies by field, then decisions about persistence may 

not reflect students’ personal interests and strengths, but instead variations in grading 

across fields.  My dissertation considers this issue by examining the role college grades 

play in explaining disparities in persistence between PS/E students and those in other 

fields.  Furthermore, gender is a central component of this work as addressing the 

underrepresentation of women in PS/E fields is a major policy concern.  Understanding to 

what extent college performance plays a role in differential attrition from PS/E majors, if 

any, is an important component in taking steps to keep more women in PS/E.  If 

performance is not a significant factor in gender gaps in persistence, future work can 
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move past a focus on female underachievement and focus instead on other factors that 

may be contributing to the gap in persistence.     

Chapter 2: Persistence by Field of Study 

INTRODUCTION 

Increasing the number of students, particularly women, who earn bachelor’s 

degrees in PS/E, has been a concern of researchers and policy-makers for decades.  As a 

result, understanding the factors that lead to departures from this field remains a key area 

of research.  Past studies often have looked at PS/E students in isolation or simply 

compared students in these fields with all students in non-PS/E fields, leading to a 

discourse about the great losses from PS/E during the college years.  Furthermore, studies 

focusing on within-field persistence frequently ignore students who do not earn a degree; 

however doing so may mask important information about patterns found within and 

between fields. While certainly any loss from a PS/E major may be significant, in this 

work I argue that we need to take a broader view and consider whether persistence rates 

in PS/E are lower than those found in other fields of study.  Understanding whether the 

losses observed in PS/E are greater than those in other fields will inform future policies 

designed to produce additional PS/E graduates.  In this chapter, I examine three groups of 

students— those who earn a degree in their intended field, those who earn a degree in 

another field, and those who do not earn a degree—for the purpose of comparing 

pathways between students in PS/E, the life sciences, business, the social sciences, 

education, health, and the humanities. 
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High school academic performance is a strong predictor of both college major and 

persistence in college (Astin & Astin, 1993; Turner & Bowen; 1999).  Certain students 

are better qualified for the demands of college and if students select majors based on 

these qualifications from high school this may be an influential factor in persistence gaps 

observed between fields.  One focus of this chapter, then, is the extent to which 

disparities in persistence remain after accounting for differences in high school academic 

measures between fields.  Additionally, much research has documented the significant 

gender differences found in entrance and degree attainment by field, therefore warranting 

an examination into whether gender gaps in persistence vary across fields and whether 

gaps remain after accounting for high school academic preparation.  Consequently, in this 

chapter I seek to answer the following questions:  

(1) Do students in PS/E have lower persistence rates than students in other fields?   

a. How do conclusions about persistence change if we include those students 

who do not earn a degree?   

(2) What disparities in persistence between fields remain after we account for 

individual selection into fields based on high school academic performance? 

(3) How do gender gaps in persistence vary across fields and do these remain after 

accounting for selection into the field based on high school academic 

performance? 
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LITERATURE REVIEW 

Measuring Persistence   

Because studies on college persistence often use a variety of methods for 

measuring persistence, it is important to begin the discussion by noting how persistence 

has been defined in past work and explain how it is measured in this dissertation.  

Persistence in college is a key focus of university administrators, as it is commonly used 

to evaluate the school’s ability to serve the needs of its students (Sabharwal, 2005).  From 

the perspective of the institution, a student persists only if he or she earns a degree from 

the same institution first entered.  Many persistence studies use this institution-centered 

perspective, which focuses on the proportion of freshman at a given school who graduate 

from that school (e.g. Bowen, Chingos, & McPherson, 2009).  However, transferring 

between schools has become increasingly common.  In fact, one National Center for 

Education Statistics (2003) study found that 35 percent of the 1999–2000 first-time 

bachelor’s degree recipients attended more than one institution.  Therefore, when the 

appropriate data are available, many studies use a student-centered approach in which 

students are tracked between institutions (Attewell, Heil, & Reisel, 2011).  This approach 

allows for a better exploration into national trends and decreases the likelihood of biasing 

graduation and departure rates.  

Some studies tend to focus on persistence to degree without regard to field of 

study.  Although understanding persistence within field is less important from an 

institution-centered approach, persistence within field is of particular interest when 

considering fields where shortages in the workforce are expected, such as PS/E 
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(Hagedorn, 2004).  Past studies concerned with losses from a single field often compare 

students in that field to all other students (e.g. Chen, 2009).  Comparing only those 

students in the field of interest with all other students will likely mask differences that 

exist between fields of study.  For example, in a typical study concerned with students in 

PS/E, a student who initially majors in accounting but ultimately earns a degree in 

elementary education is categorized as ‘persisting,’ as all non-PS/E fields are considered 

as one.  This makes it impossible to understand how persistence rates compare between 

PS/E students and, say, students intending to major in business.  In this dissertation, I use 

a student-centered and field-of-study perspective to define persistence.  That is, for the 

purposes of this dissertation, students are considered as persisting if they earn a degree in 

the field in which they originally began their pursuit of a degree, regardless of the number 

of schools attended.  Furthermore, I compare persistence pathways for students in PS/E 

relative to students in the life sciences, business, the social sciences, education, health, 

and the humanities.  These fields were selected based on the fact that majors within the 

fields are commonly connected either by similar content or a similar philosophy.      

Defining the Analytic Sample 

In addition to concerns about how to measure persistence, the way the analytic 

sample is defined may have significant implications for the conclusions drawn in the 

study.  Most notably, the decision about which ‘non persistent’ students are included 

must be addressed.  Most students enter college with the intention of earning a degree in 

a specific field of study (Astin & Astin, 1993; Stinebrickner & Stinebrickner, 2011).  

While some students fulfill this intention, others do not for a variety of reasons, including 



16 

 

academic and personal circumstances.  Among those students that leave, some earn 

degrees in other fields, while others do not earn degrees at all.  Past research on STEM 

often ignores differences between these two groups of students, by either putting both 

students into a single category of non-persistence or completely omitting from their study 

those students who do not earn a degree.  In this chapter, I build on past studies that 

employ a dichotomous conceptualization of persistence by instead conceptualizing 

persistence as a trichotomous process defined by three pathways: (1) earning a degree in 

the intended field of study, (2) earning a degree in a field of study other than the original 

intended field, and (3) not earning a degree within eight years of high school graduation.  

For students who move from one field into another, the switch is likely a response to their 

intended field of study.  On the other hand, for students who do not earn a degree, this 

result may not be strongly related to their intended field of study.  Instead the decision to 

leave may be related to poor fit between the student and the institution or a result of 

financial circumstances (Pascarella & Terenzini, 2005; Tinto, 1993).     

Why do so many studies about STEM either ignore non-degree earners or place 

these students in the same category as those who switch fields?  The reason may rest on 

the fact that many studies involve samples of high-achieving students whose departures 

from college are less likely.  For example, Seymour & Hewitt (1997) limited their sample 

to students who scored over 650 on the SAT math, while the Strenta et al. (1994) study 

used a sample of students from four highly selective institutions who had average 

combined SAT scores of 1310 and average high school ranks near the 98
th

 percentile.  

Similarly, Ost (2010) commented that departures are not an important issue among the 



17 

 

students at the large elite research university where he obtained his sample to explore 

gender differences in persistence.  In contrast to the studies mentioned above, in this 

work I seek to explore patterns of persistence among a nationally representative sample 

of students without limiting the sample on the basis of student achievement levels.    

When using an academically diverse sample of college matriculates, including 

non-degree earners in the sample is more relevant.  Although school departures may be 

less common among STEM majors, these losses are nonetheless substantial.  Using data 

from a nationally representative sample, Chen (2009) reported that 26.7 percent of STEM 

students left school without earning a degree within six years compared to 32.8 percent of 

students in non-STEM majors.  The percentage of students leaving STEM without a 

degree is certainly not trivial and therefore I chose to include these students in the data 

analyses completed in this chapter.  Furthermore, including students who do not earn a 

degree is particularly important when considering gender, as many studies have 

demonstrated that males have lower overall college persistence rates than females 

(Buchman & DiPrete, 2006; Shavit, Arum, & Gamoran, 2007) and thus ignoring these 

students may have important implications for the conclusions drawn about inequality.   

The most common approach to research on STEM persistence is to consider only 

students in STEM fields or to consider these students relative to all other students.  For 

example, Xie and Shaumen (2003) used data from the High School and Beyond: 

Sophomore Cohort to explore STEM persistence rates, but they used all non-STEM 

students as their comparison group.  Likewise, in Seymour and Hewitt’s (1997) study 
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about leaving the sciences, they found that 90 percent of students who left STEM cited 

“poor teaching” as a reason for switching fields.  Yet students in other fields were not 

considered in this study so it is impossible to determine whether students in other fields 

changed majors because they were similarly disillusioned with the quality of instruction 

within their major.  My intention here is not to critique past studies, but rather to 

highlight the gap in the literature and suggest the need for research examining differences 

between fields of study.  Therefore, I disaggregate fields within STEM and non-STEM, 

and examine how persistence rates vary for students in PS/E compared to students in the 

life sciences, business, the social sciences, education, health, and the humanities.         

Differences in Persistence by Field of Study  

The literature on persistence in STEM normally focuses on making comparisons 

between STEM and non-STEM students.  Studies of this kind consistently find that non-

STEM students typically have higher persistence rates than STEM students (Astin & 

Astin, 1993; Kokkelenberg & Sinha, 2010).  This result may be misleading, however, 

because non-STEM includes so many majors, many of which are completely unrelated.  

To put this in perspective, Chen (2009) noted that 43 percent of students originally 

enrolled in education and 30 percent of those enrolled in business switched to another 

field of study while in college, even though he reported only seven percent of non-STEM 

students as having switched fields.  Disaggregating the broad categories of non-STEM, 

and STEM for that matter is important to gain a better understanding about how 

persistence rates compare between fields of study.   
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A few studies have disaggregated fields within both STEM and non-STEM and 

considered the association between major and persistence.  In one such study, Pascarella 

and Terenzini (1991) found that majoring in the social sciences or humanities had a 

positive effect on degree attainment, yet the study did not focus on whether or not 

students earned a degree in the same field in which they declared a major.  Two studies 

using data from a sample of students from a mid-western state enrolled in higher 

education measured persistence from the second to third year of college and required 

persisters to remain in the same field over this time period.  St. John, Hu, Simmons, 

Carter, and Weber (2004) found that among African American students transitioning 

from the second to the third year of college, students studying health, business, 

engineering, and computer science were significantly more likely to persist within those 

fields than students in other majors.  However, in another study that was limited to first-

generation college students, Simmons, Musoba, and Chung (2005) found that no 

significant differences existed in the odds of persistence between undecided majors and 

students in the arts, science and math, social science, health, education, computers, or 

engineering.  A recent study by Stinebrickner and Stinebrickner (2010) used a sample 

from Berea College and found that more students begin college intending to pursue a 

degree in math/science compared to agriculture and physical education, business, 

education, humanities, professional programs, and social science.  However, they found 

that by the second semester of the third year in college, math/science becomes one of the 

least commonly selected majors.  Likewise, Dickson (2010) investigated students from 

three Texas universities and found that the natural and physical sciences and the 
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computer sciences and engineering have a higher percentage of students leaving the field 

than business, the social sciences, or the humanities.  The results from the Dickson and 

Stinebrickner and Stinebricker studies suggest that there might be something unique 

about math/science fields which lead to lower within-field persistence rates.  On the other 

hand, the St. John et al. (2004) and Simmons, Musoba, and Chung (2005) results indicate 

that students in math/science fields have persistence rates similar to students in other 

fields.   

Although recently some researchers have considered within-field persistence, 

only one of these studies follows students until degree attainment.  Therefore, we know 

surprisingly little about persistence within intended field of study to degree attainment.  

In this chapter, I build and extend on previous work in this area by using a nationally 

representative sample to analyze how field of study predicts persistence to degree, 

limiting persistence to those students who earn a degree in their intended field of study. 

As potential shortages of workers in PS/E fields are looming and concerns about low 

persistence rates in these fields abound, I use students intending a PS/E major as the 

reference group throughout this dissertation.   

High School Academic Preparation     

Students self-select into their college major based on several factors, including 

academic abilities, economic returns, and personal interests (Arcidiacono, Hotz, & Kang, 

2011; Turner & Bowen, 1999; Zafar, 2009).  In this dissertation, my main focus is to 

explore the relationship between college grades and persistence.  However, I 
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acknowledge the important role that selection into college fields may play in persistence.  

Therefore, I examine whether differences in persistence exist after taking into account 

differences in high school academic preparation.  This question is pertinent because 

higher levels of preparation are predictive of higher rates of persistence (Adelman, 1999) 

so if students select into majors based on their preparation this will likely impact the 

patterns we observe in persistence. 

Several reviews have documented that an important predictor in college 

persistence is developed ability, measured through high school course-taking, test scores, 

and GPA (Astin & Astin, 1993; Berryman, 1983; Chipman & Thomas, 1987; Oakes, 

1990; Ware & Lee, 1988).  In Answers in the Tool Box, Adelman (1999) analyzed data 

from the High School and Beyond: Sophomore Cohort, and found that a composite 

measure of students’ high school curriculum configuration, GPA, and standardized test 

scores had a statistically significant relationship with bachelor’s degree completion.  In 

addition, Adelman found that students’ high school course-taking was the measure most 

strongly associated with degree attainment.  Others have also found this, noting that 

advanced course-taking in particular is closely related to college outcomes (Tinto, 1993; 

Trusty, 2002; Tyson, Lee, Borman, & Hanson, 2007).  In other work, the positive 

relationship between SAT scores and college outcomes has also been documented (Price, 

2010; Rask, 2010).      

Not only does past research establish the relationship between high school 

performance and college degree completion, it also suggests that student choices about 
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what to major in are related to both their perceived and actual levels of academic 

performance.  Arcidiacono, Hotz, and Kang (2011) found in a sample of students from 

Duke University that major selection was based on the student’s perception of their 

relative ability to succeed at the coursework from a given major.  More specifically, they 

noticed that students who perceived their ability to be successful in engineering as low 

were, consequently, less likely to enter engineering majors.  Van De Werfhorst, Sullivan, 

and Cheung (2003) argued that prior attainment constrains the choice of a college major 

and Turner and Bowen (1999) showed that SAT scores explain some of the sorting that 

occurs across majors. As a result we may expect that more highly qualified students enter 

the majors that are thought to require the highest levels of preparation.  Therefore, in this 

chapter I account for differences in high school preparation while examining whether 

gaps in persistence exist between students intending to major in different fields of study.       

Gender Differences in Persistence 

 One objective of this chapter is to examine whether students in PS/E have lower 

persistence rates than students in other fields of study.  A second objective is to examine 

whether this relationship varies by gender.  Many of the studies looking at gender gaps in 

persistence have focused primarily on STEM fields with the results commonly showing 

that females in STEM persist at lower rates than males (Seymour & Hewitt, 1997; Strenta 

et al., 1994).  It is important to point out, however, that not all studies find that women 

persist less in STEM.  A notable exception is a study using nationally representative data 

from the Beginning Postsecondary Students Study that found no gender differences in 

STEM persistence exist (Chen, 2009).  Virtually absent from the literature on persistence 
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are studies that compare persistence rates between men and women in various fields of 

study.  One exception is Leppel’s (2001) study that looks at gender differences in 

persistence from freshman to sophomore year.  She found that both men and women in 

engineering majors were equally likely to persist as their same gendered peers in the arts 

and sciences.  However, she also found that male business majors were more likely to 

persist than males in the arts and sciences while the reverse was true for women.  

Females in business were less likely to persist than women in the arts and sciences.  

Consequently, my study aims to fill this gap in the literature by providing a detailed look 

at whether gender gaps in within-field persistence to degree vary across fields.    

What role should we expect academic preparation to play in explaining gender 

gaps in persistence between fields?  While it is true that gender differences in high school 

math and science preparation were once quite pronounced, this is no longer the case.  

Female students are taking pre-calculus and calculus at the same rates as males (Riegle-

Crumb, Farkas, & Muller, 2006; Xie and Shaumen, 2003) and in the science classroom, 

males outnumber females in physics, but females now outnumber males in advanced 

biology and chemistry (Riegle-Crumb & King, 2010).  As for high school grades, female 

students consistently receive higher grades than male students, even in math and science 

classes (Mead, 2006; Riegle-Crumb, 2006; Ewert, 2010).  While males hold an advantage 

on the SAT math, they do not hold an advantage on verbal/English standardized tests 

(The College Board, 1998).  Alon and Gelbgiser (2011) argue that the near gender parity 

in high school science and math preparation coupled with the large gender gap in the 

selection of a math or science major must mean that males and females sort into majors 
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differently according to their academic preparation.  Therefore, some of the gender gaps 

in persistence across fields may change after taking into account differences in 

preparation.  

DATA AND METHODS 

Data from the National Education Longitudinal Study of 1988 (NELS) collected 

by the National Center for Education Statistics (NCES) were used throughout this 

dissertation.  NELS began with a nationally representative sample of eighth grade 

students in 1988, with follow-up surveys in 1990, 1992, 1994, and 2000.  NELS was 

designed with the specific intent of informing education policy by exploring students’ 

educational pathways from 8
th

 grade into the workforce (Curtin, Ingels, Wu, & Heuer, 

2002).  As part of NELS, students, parents, teachers, and school administrators were each 

surveyed during at least one of the five data collection waves.  In addition, students’ high 

school transcripts were collected in 1992 allowing for the construction of complete 

course-taking and grade histories for students’ high school years.  With records for 

several thousand students who participated in all rounds of this data collection, NELS is 

one of the largest and most recent data sets with information related to students’ high 

school and college experiences.   

The original sample for NELS was based on a two-stage stratified probability 

design (Spencer et al., 1990).  Schools were selected during the first stage, and in the 

second stage students within those schools were selected.  All regular private and public 

schools with 8
th

 grade students within the United States were included in the sampling 
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frame, comprising a total of approximately 39,000 schools (Curtin et al., 2002).  After 

considering school type, location, minority population, urbanicity, and 8
th

 grade 

enrollment, schools were selected and, of those, 1,057 schools agreed to participate in the 

study.  In the second stage, 24 students from each of the 1,057 schools were invited to 

participate, resulting in over 24,000 potential sample members.  Over-sampling was used 

for racial/ethnic subgroups to ensure the data were more representative of the larger 

population (Krathwohl, 2004).  For the purpose of analyses, schools are considered the 

primary sampling unit and students are clustered within those schools.  As a result of the 

clustering design and the use of over-sampling, all analyses in this dissertation use 

sampling weights and allow for the clustering of students within schools.  Since I am 

using college transcript information in all analyses, I use the college transcript weight.  In 

addition, using the G10COHORT flag in the data set allows one to generalize results 

about the respondents in 2000 to the 10
th

 grade cohort.  Completing the analyses in this 

way allows the results to be generalized to a wider range of the population.   

From one survey year to another, there was some student attrition and during the 

first and second follow-ups the sample was freshened in an attempt to obtain a nationally 

representative sample of students.  In the final data collection wave of NELS that took 

place in 2000, there were 12,144 participants.  NCES requested postsecondary transcripts 

from each sample member who indicated attending a postsecondary institution.  Of the 

12,144 participants, college transcripts were collected from approximately 9,000 

students.  It is worth repeating that NELS is one of the more recent, and one of only two 
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nationally representative datasets, to include both students’ high school and 

postsecondary transcripts as part of the data collection (Laird, Chen, & Levesque, 2006). 

In my analyses, I further restrict my sample to students who attended a four-year 

institution and stated their intention to major in a specific field during the 1992 survey 

when ‘on-time’ students were seniors in high school.  Student responses describing the 

field of study they intend to major in were coded into one of seven categories: PS/E, life 

science, business, social science, education, health, and the humanities.  (For a list of 

specific majors that are included in each field see appendix A.)  Although not all students 

are required to officially declare a major at the start of college, Stinebrickner & 

Stinebrickner (2011) presented evidence that the pursuit of a degree in a specific field is a 

process that usually starts at the beginning of college.  However, I was concerned that 

students may have changed their minds about what field to pursue a degree in from the 

time they stated their intended major to the beginning of college, a factor which may bias 

my results.  Therefore, my sample was restricted further to students who took at least six 

credits in their intended field during the first two years of college.   

In order to further restrict the sample, I use data from the Postsecondary 

Education Transcript Study (PETS), which provides detailed information about each 

college course taken by each student in the NELS sample.  I construct a variable 

representing the total number of credits attempted in each student’s intended field of 

study during the first two years of college.  Each course is assigned a Classification of 

Instructional Programs (CIP) code that provides the information necessary to determine 
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the field of study for each course taken by each student. (For a complete list of codes 

included in each field of study see Appendix B.)  Each course is tagged by using the CIP 

codes as being in one of the seven possible intended fields of study.  As part of the 

transcript data, the number of credits for each course is included so the course level data 

can be aggregated at the student level and new variables representing the total number of 

credits taken in each subject can be created.  Limiting these data to the first two years of 

college is more difficult, since not all students attend college directly after high school 

nor do they necessarily attend continuously.  Therefore, I created a set of variables 

representing the total number of credits earned for each individual student’s first and 

second years of school, eventually allowing me to construct a variable that represents the 

total number of credits earned in each field for each student’s first two years of college.  I 

then use this variable to limit the sample by only including students who earned at least 

six credits in their intended field of study during their first two years of college.  The final 

sample size I use for the analyses completed in this chapter is comprised of 2,619 

students.    

Table 2.12 displays the proportion of the students from my analytic sample that 

enter each field of study.  The most commonly intended fields are the humanities and 

PS/E, with 23.5 percent and 22.2 percent of students entering each of these fields, 

respectively.  The next most common field is social science with 18.3 percent of students 

intending to enter this field, followed by 14.4 percent of students entering business.  

Health, education and the life sciences are the least popular fields.  Overall, 9.4 percent of 

                                                 
2 All Figures and Tables referred to in Chapter 2 can be found at the end of this chapter. 
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students enter health and only about 6 percent of students enter either education or the 

life sciences.  Looking at these data separately for males and females, we see that in the 

NELS sample, as has been documented in other national data sets (Riegle-Crumb & 

King, 2010), females are significantly less likely to intend a PS/E major compared to 

their male peers.  Only 9.9 percent of women intend to major in PS/E, compared to 36.7 

percent of men.  Even though past research has shown that women attend college at 

greater rates than men (Ewert, 2010), this does little to bring women to equity in PS/E 

representation, as only 25 percent of all PS/E students are female.  Unlike in PS/E where 

men dominate, women are significantly more likely than men to intend to major in the 

social sciences, education, and health.  In business and the humanities no statistically 

significant differences exist between the proportion of males and females intending to 

major in those fields.  Business has been traditionally dominated by men, so the 

remarkable progress women have made in this field stands in stark contrast to the 

persistent underrepresentation of women seen in PS/E (England & Li, 2006; Goldin, 

Katz, & Kuziemko, 2006).  Among this sample, close to the same percentage of men and 

women enter the life sciences, yet there was a small, statistically significant male 

advantage in entrance into this field (p < .05).  This is counter to other recent studies that 

have found there is gender equity in the declaration of a life science major (Gerber & 

Cheung, 2008; Riegle-Crumb & King, 2010; Xie & Achen, 2009).   
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RESULTS  

Persistence Pathways  

The dependent variable used in this dissertation is a categorical variable designed 

to describe one of three mutually exclusive pathways students may follow through 

college.  To be considered in the sample the student must attend a four-year institution, 

state their intended field of study, and take at least six credits in their intended field 

during their first two years of college.  From here I measure three possible outcomes: the 

student either earns a degree in the field they intended to major in, earns a degree in a 

field other than the one they intended to major in, or does not earn a degree.  So, to put it 

more simply, the three categories in the dependent variable represent persisters, 

switchers, and non-degree earners.   

Differences by Field of Study 

Figure 2.1 displays the percentage of students from each intended field of study 

who travel along each persistence pathway.  Approximately 48 percent of PS/E students 

persist and earn a degree in a PS/E major, which is roughly equal to the percentage of 

students persisting in the life sciences, health, and the humanities.  Students in business 

and education have higher persistence rates, while those in the social sciences have lower 

persistence rates than students in PS/E.  Figure 2.1 provides evidence that, contrary to 

concerns about the extremely low persistence rates in PS/E, it is not the case that PS/E 

students persist less than students in every other field.  While they do persist less than 

students in business and education, they either persist at the same rates or at higher rates 

than students in the life sciences, the social sciences, health, and the humanities.  
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Turning next to the non-persistence pathways, a few patterns appear noteworthy.  

Even though students in the life sciences, the humanities, and PS/E persist at almost equal 

rates, 25 percent of students in the humanities do not earn a degree compared to 17 

percent in the life sciences, and 16 percent in PS/E.  Therefore, more students in PS/E 

and the life sciences are switching fields and earning a degree compared to students in the 

humanities.  If the data were limited to only students who earned a degree, it would 

appear as if more students in the humanities persisted than in either PS/E or the life 

sciences, but this would not accurately describe the entire situation.  Students in business 

and the social sciences compared to students in PS/E also have a higher likelihood of not 

earning a degree.  Looking more closely at just the non-persistence pathways, students in 

PS/E, the life sciences, and the social sciences are more inclined to switch fields than not 

earn a degree with odds a little greater than 2:1 favoring switching fields.  The odds for 

students in health are closer to 3:1.  However, in education and the humanities students 

who do not persist have about equal odds of switching fields versus not earning a degree.  

Business is the only field in which a higher percentage of students do not earn a degree 

compared to the percentage of students switching fields.   

Differences by Gender 

Next, I turn to the results shown in Figure 2.2 that represent the persistence 

pathways separated by gender.  I consider two relationships: first I look at gender 

differences within field of study, and then I look at differences across field of study 

separately by gender.  Looking first at PS/E fields there are several gender differences 

worth noting.  Male students in PS/E persist 51 percent of the time compared to a 37 
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percent persistence rate for females in PS/E.  This difference is not necessarily the result 

of more women failing to earn a degree, as 18 percent of male PS/E intenders do not earn 

a degree compared to only 10 percent of female intenders.  Thus, the higher persistence 

rate among males is driven in large part by the fact that women compared to men are 

more likely to switch out of PS/E and earn a degree in another field.  The importance of 

this in drawing conclusions about equity in PS/E is huge because the gender gap is 

substantially smaller when you measure persistence as a comparison between students 

who persist versus all non-persisters. However, if you limit the sample to students who 

earn a degree, as is frequently done in studies about gender equity in PS/E, the gender 

difference in persistence is much larger.  This is because men are more likely to intend to 

major in PS/E and not earn a bachelor’s degree than women.     

As just mentioned, a higher proportion of male students persist in the male-

dominated field of PS/E.  Interestingly in the fields most heavily dominated by women—

education and health— women have considerably higher persistence rates than men.  A 

similar, but not as strong pattern is observed in the social sciences, where females are 

overrepresented and appear to have slightly higher persistence rates than their male peers.  

In fields that are more closely gender equitable—the life sciences, business, and the 

humanities—the persistence rates between men and women are also much more 

equitable.  Looking next at the gender gap among students who do not earn a degree there 

are higher percentages of males from each field not earning a degree compared to females 

in all fields except for health.  This finding supports other research showing that males 

are more likely to leave school without a degree.   
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Next, I evaluate the data in a slightly different way by looking at across-field-of-

study results separately for males and females.  An interesting result appears when the 

persistence rates in PS/E, the life sciences, health, and the humanities are compared 

separately by gender.  In the pooled data we see the persistence rates for students in PS/E, 

the life sciences, health, and the humanities are quite similar, with approximately 48 

percent of students in each field persisting.  However, when looking at this data 

separately by gender different patterns emerge.  Among women, 37 percent of female 

PS/E students persist compared to 46 percent in the life sciences, 51 percent in health, 

and 50 percent in the humanities.  Among men, 51 percent persist in PS/E, 49 percent in 

the life sciences, 27 percent in health, and 45 percent in the humanities.  Whereas men 

and women persist close to 48 percent of the time in the life sciences and the humanities 

(gender-neutral fields), in health (a female-dominated field) males persist only 27 percent 

of the time and in PS/E (a male-dominated field) women persist only 37 percent of the 

time.  The evidence here suggests that females persist more than males in fields with lots 

of female students and males persist more than females in fields with lots of males, 

whereas men and women persist at more similar rates in fields that have a more equitable 

distribution of male and female students. 

The patterns between business, education, and the social sciences in relation to 

PS/E remain relatively consistent across gender.  For both men and women, the 

proportion of business and education intenders who persist to a degree in their respective 

fields appears to be higher than in PS/E and the proportion of social science intenders 

appears to be lower than the proportion found among PS/E intenders.      
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High School Preparation 

Next, I consider how differences in high school preparation contribute to the 

patterns observed in Figure 2.1. I begin by discussing my measures for high school 

preparation and then discuss descriptive statistics related to these measures.  The need for 

specific skills and knowledge are not equal across field of study.  For example, students 

in PS/E are likely to need higher levels of preparation in mathematics as these skills are 

highly connected to the coursework in these majors, while skills and knowledge in 

English may be more useful in fields such as the humanities.  Turner and Bowen (1999) 

found that higher SAT math scores were associated with higher rates of entrance into 

math, physical science, and engineering majors, whereas high scores on the SAT verbal 

were associated with higher rates of entrance into the humanities when compared to math 

and science fields.  So as I move to consider whether differences in persistence remain 

after considering high school preparation, I consider both measures of mathematics and 

English preparation.   

While some studies favor one form of academic preparation over others, I define 

academic preparation using three measures: grades, course-taking, and test scores.  

Grades and course-taking information are obtained from students’ high school transcripts.  

To construct math GPA, students’ transcript grades were averaged across all mathematics 

courses taken during high school using the traditional four point scale.  A similar process 

using English grades was followed to construct English GPA.  Course-taking in both 

mathematics and English are coded as ordinal variables capturing high, medium, and low 

course-taking.  In mathematics, students who took calculus are coded as 3, students 
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whose highest class is pre-calculus or advanced mathematics are coded as 2, and all other 

students are coded as 1.  In English, students who took more than 2 advanced placement 

or honors English courses are coded as 3, those who took exactly 2 are coded as 2, and all 

other students are coded as 1.  For test score, students’ math and SAT verbal scores are 

used when available.  If students only completed the ACT, this score is used to create an 

estimated SAT score. Each test score is then divided by 100 to aid in the interpretation of 

the odds ratios in the logistic regression analyses.     

 Turning to the descriptive statistics for all students shown in Table 2.2, students 

intending to major in the life sciences, business, the social sciences, education, health, 

and the humanities are less academically prepared on average than students intending to 

major in PS/E.  Looking first at the three measures of mathematics preparation, math 

course-taking,  SAT math, and math GPA, students entering PS/E have a statistically 

significant advantage (p<.001) over students from each of the other six fields of study on 

each preparation measure.  For example, differences between students intending PS/E 

and the humanities are quite large with effect sizes on math course-taking and the SAT 

math over one standard deviation and an effect size difference on math GPA of 0.89.  

Differences between PS/E students and those students in the life sciences and business 

are smaller, with the largest disparity found on SAT math scores.  Given that PS/E 

coursework relies heavily on the use of mathematics, it is not surprising that these 

students hold an advantage in mathematics preparation over students entering other 

fields.   
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 Turning next to examine differences in English preparation, there is a surprisingly 

similar story about the advantage found among PS/E students.  In no instance are PS/E 

students disadvantaged on measures of English preparation and in most cases PS/E 

students are statistically significantly ahead of students in other fields.  For example, 

students in PS/E hold an advantage over students in business on all three English 

measures, although the effect sizes are lower than those found on the mathematics 

measures.  PS/E students have an advantage on at least two of the three English measures 

compared to the students intending to major in the social sciences, education, health, and 

the humanities.  Finally, it is interesting to note there are no significant differences in 

English preparation between students in PS/E and the life sciences.  Overall, the students 

who enter life sciences are more similar to students in PS/E than those from any other 

field.  

Differences in Academic Preparation by Gender 

Looking at the academic preparation data separately by gender, it is clear that the 

advantage in preparation for students in PS/E is a story about both male and female 

students.  Overall, PS/E students of both genders are more prepared than students in other 

fields; however there are a few small differences from the pooled data that are worth 

noting.  First, in the pooled data there were no significant differences between life science 

and PS/E students on the three English measures of preparation.  This pattern holds 

among females, but male PS/E students are stronger in SAT verbal and English GPA than 

male students in the life sciences.  Female students who enter PS/E and the life sciences 

are more similar in terms of academic preparation than males who enter these two fields, 
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although it remains the case that female students in PS/E hold an advantage in math 

course-taking and SAT math scores over females in the life sciences.  In addition, the 

PS/E advantage on English GPA, math GPA, and SAT verbal is not as consistent for 

women as the one found among PS/E men compared to their same gendered peers.  For 

example, PS/E women have statistically similar English GPAs compared to students in 

every other field, while male PS/E students have an advantage over students from the life 

sciences, business, the social sciences, and the humanities on English GPA.   

 Fewer differences exist between men and women within a given field of study 

than exist between PS/E students and those in other fields.  Among all students in the 

sample, males hold an advantage in math course-taking and on the SAT math, while 

women on the whole have higher English grades.  Even though males hold an advantage 

in the aggregate on math course-taking there are no significant gender differences once 

disaggregating the data by field of study.  And for SAT math scores the only significant 

gender difference is found among students in PS/E.  In contrast, women are advantaged 

on English course-taking, English GPA, and math GPA compared to men within several 

fields of study.  For example, in the life sciences women have significantly higher 

English course-taking and English GPA than men.  

Multinomial Regression Analyses 

 Next, I turn to results of multinomial logistic regression analyses comparing the 

likelihood for students in different fields of study (relative to students in PS/E) to travel 

one pathway versus another.  These analyses enable me to determine the extent to which 
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differences in high school preparation contribute to the patterns observed along the 

pathways shown in Figure 2.1.  I present three sets of results comparing the odds of (1) 

persisting to degree attainment in intended major versus earning a degree in another field 

(i.e. switching), (2) persisting versus no degree attainment, and (3) switching versus no 

degree attainment.  First, I begin with a baseline model that includes only a set of dummy 

variables representing students intended field of study, with PS/E students as the 

reference group.  Next, I include measures of social origins and family background, 

before including measures of high school preparation in model 3.  Finally, in model 4 I 

include gender by field of study interactions, to see whether the estimated effect of field 

of study on pathways is different by gender.     

Persistence versus Switching Fields and Earning a Degree 

 As seen in column 1 of Table 2.4 and as was observed in the descriptive statistics 

shown in Figure 2.1, students intending to major in business and education have higher 

odds of persistence compared to switching than the odds of persistence versus switching 

for students intending to major in PS/E.  The odds for students in the social sciences are 

lower than those of PS/E students, while the odds of persistence versus switching for 

students in the life sciences, health, and the humanities are not statistically different from 

those found among students in PS/E.  Accounting for social origins and family 

background in model 2 does nothing to change the patterns observed in model 1 for the 

intended field of study variables.  In addition, none of these background variables are 

significantly predictive of persistence versus switching.  For example, the dummy 

variable for female is not significant, indicating that after controlling for field of study 
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and other background variables, male and female students have statistically equal 

persistence versus switching rates.  In model 3, I include measures of math and English 

high school academic preparation.  After accounting for differences in preparation and 

net of social origins and family background measures, there are changes in the relative 

odds of persistence versus switching between PS/E students and those in other fields.  

This is not surprising given the advantage seen in high school preparation for students in 

PS/E.  For example, the odds that a business, compared to a PS/E, student earns a degree 

in his or her intended field versus earning a degree in another field increases from 3.01 to 

3.62.  While these odds ratios should not be compared directly by looking across one 

model to the next (Hoetker, 2007; Mood, 2010), I used the suest command in Stata 12 to 

compare these two odds ratios.  When using suest, the estimation results from model 2 

and model 3 are stored in a single parameter vector and simultaneous (co)variance 

matrices (StataCorp, 2011).  When estimates are obtained from nested regression models 

this matrix enables one to use a post-estimation command to test hypotheses.  In this 

case, the two odds ratios are statistically significantly different from one another.  

Therefore, business students persist at even higher rates compared to PS/E students once 

taking into account that PS/E students are more academically prepared.   

Although the odds ratio in the social sciences moves from statistically significant 

(p<.05) in model 2, to no longer statistically significant in model 3, there is not a 

significant change between the coefficients from these two models.  Among students in 

the humanities, accounting for preparation increased their relative odds of persistence 

versus switching to a point where they are now significantly more likely to persist 
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compared to students in PS/E, however, this change is only marginally significant 

(p<.10).  Students in the life sciences and health continue to have similar persistence 

versus switching rates as students in PS/E.  Students in business and education continue 

to have higher rates, however it’s important to note that in both of these fields, the change 

from model 2 to model 3 is statistically significant.  This means that if students in PS/E 

were not so advantaged in terms of academic preparation they would be even further 

behind in persistence versus switching rates compared to students in business and 

education.3 

 In model 4, I include interaction terms between gender and each intended field of 

study.  The interactions for education, health, and the humanities by gender, net of social 

origins, family background, and academic preparation are each statistically significant.  

This means for example, the odds a female in PS/E persists versus switches compared to 

the odds a male in PS/E persists versus switches is significantly different than the same 

two odds among students in education.  In order to better understand the model with 

interactions, Figure 2.3 displays the predicted probabilities of persistence versus 

switching for each gender by field of study.  As can be seen in Figure 2.3, the predicted 

probability for males in PS/E is greater than that of females, while in education, health 

and the humanities the female predicted probability is greater than the male.  These 

differences help demonstrate why the interactions are significant.        

                                                 
3 I conducted an additional analysis using propensity score matching techniques to confirm that the 

differences in persistence observed between various fields of study remained even after taking into account 

individuals’ differential propensities to select each field of study.  Results of this analysis are shown in 

Appendix C. 
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Persistence to Degree versus No Degree Attainment 

 In Table 2.5, model 1 shows the odds of within field persistence to earn a degree 

versus not earning a degree for students in each field of study relative to students in PS/E.  

Other than students in the social sciences who are significantly less likely to persist than 

not earn a degree, the odds for students in each field are statistically equal to those of 

students in PS/E.  In model 2, once social origins and family background are taken into 

account the odds that students in the humanities persist compared to not earning a degree 

are now significantly lower than those of students in PS/E and the odds for education 

students are significantly higher.  In addition, in model 2 we see that the odds a Hispanic 

student persists versus not earning a degree are lower than those for white students. 

Another interesting point is that the odds for a female student in persistence versus non-

degree attainment are greater than the odds for a male student.  This lends support to past 

research suggesting that male college matriculates are less likely than female matriculates 

to earn a college degree.  However, after accounting for differences in high school 

preparation in model 3, females no longer hold an advantage.  Looking at the field of 

study variables the only field which has significantly different odds of persisting versus 

not earning a degree compared to PS/E students is now education.  Turning to model 4, 

which includes gender by field of study interactions, we see that the patterns observed 

between fields of study are not significantly different by gender.           

Switching Fields and Earning a Degree versus No Degree Attainment  

 Although the comparisons which involve persistence are more relevant to the 

work in this dissertation, in Table 2.6, I display the results predicting switching and 
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earning a degree outside of one’s intended field of study versus not earning a degree.  

Students in the life sciences, the social sciences, education, and health are all as likely as 

students in PS/E to switch compared to leave.  Furthermore, the relationship seen 

between these fields remains the same after including measures of social origins, family 

background, and high school preparation as shown in models 2 and 3.  In contrast, the 

odds ratio for students in business and the humanities are significantly lower than the 

odds ratio for PS/E students.  In model 3, once differences in high school preparation are 

taken into account students in business remain less likely, while students in the 

humanities become as likely, as students in PS/E to switch compared to not earning a 

degree.  Looking at the main effect of female, gender is significant in model 2 with 

females being more likely than males to switch compared to not earning a degree; 

however, in model 3 it is no longer significant.  In the last model, examining whether the 

estimated effect of field on switching versus no degree attainment is different by gender, 

only a single field—health— has significant differences by gender compared to PS/E.  

This result is driven by the fact that the rates of switching compared to not earning a 

degree in PS/E are higher for females and in health are higher for males.   

DISCUSSION AND CONCLUSION 

This chapter contributes to the research on persistence in PS/E by using nationally 

representative data to examine whether students in PS/E fields travel similar pathways as 

students in other fields.  I focus on two comparisons: within-field persistence to degree 

versus degree attainment in another field, and within-field persistence to degree versus 

non-degree attainment.  Looking first at the persistence versus non-degree attainment 
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comparison, I found that after controlling for differences in high school preparation, the 

only field significantly different from PS/E is education, and these students are more 

likely to persist compared to not earning a degree than students in PS/E.  In addition, the 

main effect of gender demonstrating that women are more likely to persist than not earn a 

degree is explained by their higher levels of high school preparation.  There are also no 

significant differences in the persistence versus leaving pathways among men and 

women.  Since among my sample the differences between fields and by gender are few 

along the persistence versus no degree attainment pathways, I restrict further analyses in 

this dissertation to only those students who earn a college degree.   

I turn my focus to these students now as I consider the persistence versus 

switching pathways.  My results indicate that, contrary to past research which highlights 

the low persistence rates found among PS/E students, their persistence rates are equal to 

or higher than those of students in the life sciences, the social sciences, health, and the 

humanities.  Conversely, there is evidence that students in business and education are 

more likely to persist than students in PS/E.  Furthermore, I explore the extent to which 

differences in persistence are due to gaps in high school preparation.  The results indicate 

that taking into account average differences on mathematics and English course-taking, 

test scores, and grades, increases the likelihood that students in each field relative to 

students in PS/E persist, although the increase is not statistically significant in every case.  

This result stems from the fact that students who intend to major in PS/E are the most 

academically prepared students.  Looking specifically at the fields with higher persistence 

versus switching rates, once the lower preparation among the students in business and 
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education are accounted for, students in these fields have even higher odds of persistence 

compared to switching over the odds for students in PS/E.  Additionally, students in the 

humanities are now more likely to persist than switch fields compared to students in 

PS/E.  Understanding why students in business, education, and the humanities are more 

likely to persist than students in PS/E is an important topic.  In chapter 3 of this 

dissertation, I expand on this analysis by turning to the college years and investigate 

whether these gaps can be explained by differences in college grades found between 

fields of study.   

 Furthermore, there is evidence that men and women do not consistently have 

similar persistence-versus-switching rates within different fields of study, even after 

accounting for differences in high school preparation.  This is demonstrated by the 

significant gender by field interaction terms shown in the final model of Table 2.4.  For 

example, the significant gender by education interaction term is driven by the fact that 

women persist at higher rates than men in education and men persist at higher rates than 

women in PS/E.  The significant interactions highlight the important role gender plays in 

creating differences in persistence across fields.  Specifically, understanding why women 

persist less in PS/E is of utmost importance as it undoubtedly contributes to the large 

gender gap observed in the PS/E workforce.  Therefore, in Chapter 4, I examine whether 

or not differences in college grades are able to explain the gap in persistence observed 

between men and women in PS/E.   
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 One important motivating factor for this dissertation is to develop an 

understanding that can be used to bring more people, specifically more women, into the 

PS/E workforce.  As described earlier, once taking into account differences in preparation 

along the persistence-versus-switching pathway, students in PS/E are less likely to persist 

than students in business, education, and the humanities.  Understanding why PS/E 

students have lower persistence rates than students in these other fields will inform 

policies that are targeted at bringing more students into PS/E.  In addition, understanding 

why greater percentages of women switch versus persist in PS/E can provide important 

information that will inform policies directed at keeping more women in STEM.  For 

these reasons, the remainder of this dissertation will focus on the persistence-versus-

switching pathway and explore whether differences in college grades explain any of the 

differences observed in this chapter.   
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Table 2.1: Percentage of students who intend to major in each field of study 

 Field of Study All Students Males Females 

PS/E 22.2% 36.7% 9.9% 

Life Science 6.3% 7.7% 5.1% 

Business 14.4% 15.3% 13.5% 

Social Science 18.3% 11.3% 24.1% 

Education 6.0% 1.8% 9.6% 

Health 9.4% 4.2% 13.8% 

Humanities 23.5% 23.1% 23.9% 
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Figure 2.1: Pathways through college by field of study 
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Figure 2.2: Pathways through college by field of study and gender 
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Table 2.2: Descriptive statistics for high school academic preparation: Means, standard deviations, and effect sizes (relative to 

PS/E intenders) 

 

 

 

 

 

 

 

 

 

PSE Life Science Business Social Science Education Health Humanities

Mathematice Preparation

Math Course 2.45 (0.60) 2.01 (0.67) *** 1.94 (0.63) *** 1.90 (0.68) *** 1.73 (0.62) *** 1.86 (0.59) *** 1.73 (0.63) ***

(Effect size) 0.71 0.82 0.86 1.19 0.98 1.17

Math SAT 5.92 (0.92) 5.23 (0.87) *** 5.07 (0.90) *** 4.99 (1.01) *** 4.81 (0.84) *** 4.72 (0.80) *** 4.96 (0.99) ***

(Effect size) 0.76 0.93 0.97 1.23 1.36 1.01

Math GPA 2.76 (0.66) 2.49 (0.67) *** 2.38 (0.79) *** 2.26 (0.87) *** 2.41 (0.76) *** 2.34 (0.66) *** 2.13 (0.76) ***

(Effect size) 0.41 0.54 0.67 0.53 0.64 0.89

English Preparation

English Course 1.81 (0.77) 1.72 (0.80) 1.45 (0.72) *** 1.67 (0.79) 1.49 (0.67) *** 1.45 (0.68) *** 1.60 (0.76) ***

(Effect size) 0.12 0.47 0.18 0.43 0.48 0.28

Verbal SAT 5.06 (0.88) 4.93 (0.88) 4.56 (0.83) *** 4.80 (0.93) ** 4.64 (0.88) *** 4.50 (0.84) *** 4.93 (0.97)

(Effect size) 0.15 0.59 0.29 0.49 0.34 0.15

English GPA 2.73 (0.59) 2.62 (0.63) 2.51 (0.69) *** 2.55 (0.70) * 2.71 (0.62) 2.59 (0.61) * 2.49 (0.70) ***

(Effect size) 0.19 0.36 0.28 0.04 0.23 0.37

Ns (weighted) 604 183 373 462 151 234 612

Note:  Means are displayed first, followed by standard deviations in parentheses.  Effect sizes (relative to PS/E intenders) are calculated as the difference between the means divided by the

pooled standard deviation.  Significance levels are marked with astericks indicting that the given mean is signficantly different from the mean for PS/E intenders * p<.05, ** p<.01, *** p<.001.  
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Table 2.3: Descriptive statistics for high school academic preparation: Means, standard deviations, and effect sizes (relative to 

PS/E) by gender 

 

Male PSE Life Science Business Social Science Education Health Humanities

Mathematice Preparation

Math Course 2.43 (0.59) 2.03 (0.66) *** 1.96 (0.60) *** 1.87 (0.75) *** 1.60 (0.50) *** 1.65 (0.64) *** 1.74 (0.66) ***

(Effect size) 0.66 0.79 0.87 1.41 1.30 1.12

Math SAT 6.03 (0.90) 5.22 (0.87) *** 5.15 (0.96) *** 5.09 (1.06) *** 4.99 (0.94) *** 4.63 (0.75) *** 5.05 (1.00) ***

(Effect size) 0.91 0.96 1.00 1.16 1.58 1.04

Math GPA 2.78 (0.66) 2.43 (0.66) *** 2.22 (0.81) *** 2.12 (0.80) *** 2.27 (0.91) * 2.27 (0.67) *** 2.01 (0.78) ***

(Effect size) 0.53 0.79 0.95 0.76 0.76 1.08

English Preparation

English Course 1.74 (0.73) 1.57 (0.77) 1.43 (0.72) ** 1.70 (0.79) 1.25 (0.54) *** 1.28 (0.56) *** 1.44 (0.70) ***

(Effect size) 0.24 0.43 0.05 0.69 0.66 0.42

Verbal SAT 5.09 (0.86) 4.82 (0.91) * 4.58 (0.82) *** 4.80 (0.97) *** 4.53 (1.07) * 4.11 (0.98) *** 4.85 (0.97) *

(Effect size) 0.32 0.61 0.33 0.64 1.13 0.26

English GPA 2.70 (0.57) 2.46 (0.64) ** 2.31 (0.70) *** 2.37 (0.71) *** 2.39 (0.78) 2.37 (0.61) * 2.28 (0.72) ***

(Effect size) 0.42 0.65 0.55 0.53 0.59 0.67

Female PSE Life Science Business Social Science Education Health Humanities

Mathematice Preparation

Math Course 2.51 (0.60) 1.98 (0.69) *** 1.93 (0.67) *** 1.91 (0.66) *** 1.75 (0.64) *** 1.91 (0.56) *** 1.72 (0.62) ***

(Effect size) 0.84 0.91 0.95 1.24 1.03 1.29

Math SAT 5.58 (0.90) 5.24 (0.87) * 5.00 (0.84) *** 4.94 (0.99) *** 4.79 (0.83) *** 4.74 (0.82) *** 4.88 (0.98) ***

(Effect size) 0.38 0.67 0.66 0.91 0.98 0.73

Math GPA 2.71 (0.64) 2.58 (0.68) 2.53 (0.75) 2.31 (0.90) ** 2.43 (0.73) * 2.36 (0.66) *** 2.22 (0.73)

(Effect size) 0.21 0.26 0.49 0.42 0.55 0.70

English Preparation

English Course 2.01 (0.85) 1.91 (0.79) 1.48 (0.72) *** 1.66 (0.80) * 1.53 (0.68) *** 1.49 (0.71) *** 1.72 (0.78) *

(Effect size) 0.12 0.68 0.43 0.62 0.67 0.36

Verbal SAT 4.97 (0.91) 5.08 (0.81) 4.54 (0.85) *** 4.80 (0.91) 4.65 (0.85) * 4.60 (0.77) *** 4.99 (0.96)

(Effect size) -0.12 0.49 0.19 0.36 0.44 -0.02

English GPA 2.82 (0.61) 2.83 (0.54) 2.70 (0.62) 2.62 (0.68) 2.76 (0.58) 2.65 (0.60) 2.66 (0.64)

(Effect size) -0.02 0.19 0.30 0.10 0.28 0.26

Note:  Means are displayed first, followed by standard deviations in parentheses.  Effect sizes (relative to PS/E intenders) are calculated as the difference between the means divided by the

pooled standard deviation.  Significance levels are marked with astericks indicting that the given mean is signficantly different from the mean for PS/E intenders * p<.05, ** p<.01, *** p<.001.  

Means in bold represent a signficant difference between males and females within the same field of study at the 0.05 level. 
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Table 2.4: Odds ratios from nested multinomial logistic models predicting the likelihood of persisting to degree attainment 

within intended field of study versus earning a degree in another field of study 

 

Model 1 Model 2 Model 3 Model 4

Field of Study
1

Life Science 1.01 (0.25) 1.00 (0.24) 1.17 (0.29) 1.09 (0.35)

Business 2.96 (0.73) *** 3.01 (0.72) *** 3.62 (0.91) *** 3.03 (0.98) ***

Social Science 0.51 (0.14) * 0.52 (0.14) * 0.62 (0.18) 0.46 (0.19)

Education 3.33 (1.04) *** 3.50 (0.12) *** 4.58 (1.56) *** 1.81 (1.05)

Health 0.86 (0.25) 0.88 (0.27) 1.13 (0.34) 0.34 (0.18) *

Humanities 1.33 (0.27) 1.35 (0.27) 1.68 (0.38) * 1.26 (0.38)

Background Variables

Female 0.94 (0.14) 1.03 (0.17) 0.51 (0.17) *

Black 0.73 (0.29) 0.73 (0.28) 0.98 (0.04)

Hispanic 1.52 (0.41) 1.52 (0.47) 0.95 (0.06)

Asian 1.16 (0.41) 1.09 (0.40) 0.78 (0.31)

Family Income 1.00 (0.05) 0.98 (0.05) 1.52 (0.47)

Parent Education 0.98 (0.06) 0.94 (0.06) 1.07 (0.40)

High School Preparation

Math Course-taking 1.00 (0.13) 0.99 (0.13)

Math SAT 1.39 (0.15) ** 1.38 (0.15) **

Math GPA 0.97 (0.16) 0.97 (0.16)

English Course-taking 1.06 (0.12) 1.07 (0.12)

Verbal SAT 0.94 (0.10) 0.92 (0.10)

English GPA 0.87 (0.16) 0.87 (0.15)

Interactions

Female by Life Science 1.56 (0.82)

Female by Business 1.96 (0.99)

Female by Social Science 2.35 (1.31)

Female by Education 4.76 (3.36) *

Female by Health 7.07 (4.66) **

Female by Humanities 2.41 (1.04) *

Notes: 
1
 Reference category is students intending PS/E.  Significance Levels: * p<.05; ** p<.01; *** p<.001. (n = 2,619)
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Figure 2.3: Predicted probabilities by gender and field for the likelihood of persisting within field versus earning a degree in 

another field 
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Table 2.5: Odds ratios from nested multinomial logistic models predicting the likelihood of persisting to degree attainment 

within intended field of study versus no degree attainment 

 

Field of Study
1

Model 1 Model 2 Model 3 Model 4

Life Science 0.94 (0.27) 0.91 (0.27) 1.24 (0.37) 1.37 (0.55)

Business 1.11 (0.36) 1.07 (0.35) 1.54 (0.47) 1.76 (0.66)

Social Science 0.53 (0.15) * 0.46 (0.14) 0.72 (0.24) 0.53 (0.26)

Education 1.87 (0.64) 1.49 (0.52) ** 2.25 (0.82) * 1.41 (1.07)

Health 1.09 (0.35) 1.01 (0.31) 1.52 (0.51) 1.54 (0.95)

Humanities 0.65 (0.15) 0.56 (0.13) * 0.94 (0.24) 0.9 (0.28)

Background Variables

Female 1.51 (0.26) * 1.34 (0.26) 1.24 (0.51)

Black 0.86 (0.32) 1.15 (0.45) 1.15 (0.44)

Hispanic 0.41 (0.13) ** 0.38 (0.14) ** 0.83 (0.14) **

Asian 1.36 (0.63) 1.34 (0.63) 1.34 (0.62)

Family Income 1.05 (0.04) 1.03 (0.05) 1.03 (0.05)

Parent Education 1.20 (0.09) ** 1.13 (0.09) 1.13 (0.09)

High School Preparation

Math Course-taking 1.05 (0.17) 1.04 (0.17)

Math SAT 1.22 (0.19) 1.22 (0.19)

Math GPA 1.38 (0.24) 1.38 (0.24)

English Course-taking 1.01 (0.13) 1.02 (0.13)

Verbal SAT 0.89 (0.13) 0.89 (0.13)

English GPA 1.31 (0.28) 1.32 (0.28)

Interactions

Female by Life Science 0.78 (0.52)

Female by Business 0.76 (0.49)

Female by Social Science 1.66 (1.12)

Female by Education 1.82 (1.63)

Female by Health 1.00 (0.77)

Female by Humanities 1.12 (0.60)

Notes: 
1
 Reference category is students intending PS/E.  Significance Levels: * p<.05; ** p<.01; *** p<.001. (n = 2,619).
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Table 2.6: Odds ratios from nested multinomial logistic models predicting the likelihood of switching and earning a degree in 

non-intended field versus no degree attainment 

 

Field of Study
1

Model 1 Model 2 Model 3 Model 4

Life Science 0.94 (0.29) 0.91 (0.27) 1.06 (0.33) 1.26 (0.52)

Business 0.38 (0.12) ** 0.36 (0.12) ** 0.42 (0.14) * 0.58 (0.24)

Social Science 1.04 (0.31) 0.89 (0.24) 1.16 (0.36) 1.15 (0.47)

Education 0.56 (0.23) 0.23 (0.17) * 0.49 (0.21) 0.78 (0.65)

Health 1.27 (0.44) 1.15 (0.40) 1.35 (0.50) 4.47 (2.94) *

Humanities 0.49 (0.12) ** 0.42 (0.10) *** 0.56 (0.17) 0.71 (0.25)

Background Variables

Female 1.61 (0.29) ** 1.31 (0.26) 2.47 (1.13) *

Black 1.18 (0.44) 1.57 (0.63) 1.47 (0.60)

Hispanic 0.27 (0.10) *** 0.25 (0.10) *** 0.25 (0.10) ***

Asian 1.17 (0.53) 1.23 (0.59) 1.26 (0.60)

Family Income 1.05 (0.05) 1.05 (0.05) 1.05 (0.05)

Parent Education 1.23 (0.09) ** 1.20 (0.10) * 1.19 (0.10) *

High School Preparation

Math Course-taking 1.05 (0.19) 1.05 (0.18)

Math SAT 0.88 (0.14) 0.89 (0.13)

Math GPA 1.42 (0.22) * 1.42 (0.23) *

English Course-taking 0.96 (0.12) 0.95 (0.12)

Verbal SAT 0.95 (0.13) 0.96 (0.13)

English GPA 1.52 (0.29) * 1.52 (0.28) *

Interactions

Female by Life Science 0.49 (0.33)

Female by Business 0.39 (0.29)

Female by Social Science 0.71 (0.42)

Female by Education 0.38 (0.38)

Female by Health 0.14 (0.12) *

Female by Humanities 0.47 (0.26)

Notes: 
1
 Reference category is students intending PS/E.  Significance Levels: * p<.05; ** p<.01; *** p<.001. (n = 2,619)
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Chapter 3: Do College Grades Matter? 

INTRODUCTION 

In Chapter 2, I found that students who enter PS/E majors are the most 

academically prepared students.  Despite this advantage and the demand for workers 

trained in the sciences, students in PS/E do not have the highest within-field persistence 

rates.  Moreover, after accounting for average differences in high school performance, 

students in PS/E are less likely to persist than students in business, education, and the 

humanities.  In this chapter, I examine how much of this lower persistence is due to 

differences in college grades between students in different fields.  It is generally accepted 

that PS/E courses assign the lowest average grades (Hunt, 2008; Kokkelenberg & Sinha, 

2010; Rask, 2010; Sabot & Wakeman-Linn, 1991).  There is also a large body of research 

confirming that college grades are positively related to student persistence (Ewert, 2010; 

Hu, McCormick, & Goyea, 2011; Ost, 2010; Tinto, 1987).  Therefore, in this chapter I 

investigate the hypothesis that accounting for differences in grades between fields will 

help explain gaps in persistence among students majoring in different fields.   

There are reasons to believe that average differences in grades are related to 

college outcomes.  Students may see higher grades as a signal that they are talented in 

that field and therefore students may be more likely to switch from low-grading to high-

grading fields.  Several studies have found evidence of such patterns, as lower grades 

within a course are associated with lower probabilities of taking the next course in the 

sequence (Sabot & Wakeman-Linn, 1991; Johnson, 2003).  Students may also have 
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practical reasons for choosing high-grading fields, such as remaining academically 

eligible for financial aid (Brighouse, 2008).  Yet, in contrast to these claims, Adelman 

(2008) argues that differences in grades between fields are not practically significant 

because when people interpret their grades they take into account that variations occur 

between fields.  Others emphasize that low-grading fields often lead to higher-paying 

jobs, providing students with an added incentive to remain in these fields (Brighouse, 

2008; National Association of College and Employers, 2009; Stinebrickner & 

Stinebrickner, 2011).  Consequently, the role of grades in explaining differences in 

persistence remains unclear.       

It is also possible that the relationship between grades and persistence is not 

consistent across fields because having lower grades is more important in switching 

decisions for some majors than others.  While one would expect a positive relationship 

between grades and persistence for students in all fields, this relationship may be stronger 

for students in some fields compared with others.  For example, because students in PS/E 

are more academically prepared for college, students in this field with low grades may 

have more opportunities to enter other fields than students with lower levels of high 

school preparation (Leppel, Williams, & Waldauer, 2001).  Or perhaps low-grading fields 

such as PS/E have unique cultural norms that lead students with low grades to switch 

fields more readily than students in high-grading fields (Dowd, 2000; Seymour & Hewitt, 

1997; Tobias, 1990).  Therefore, I not only consider whether average differences in 

grades explain differences in persistence between fields, but also whether the estimated 

effect of GPA on persistence varies by field.   
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Moreover, I examine these two relationships with regard to gender.  In Chapter 2, 

I found that the gender gap in persistence between students in PS/E compared to students 

in education, health, and the humanities is significantly different.  Given these gender 

differences and the evidence that men and women earn different average college grades 

(Goldin, Katz, & Kuziemko, 2006; Sax & Harper, 2007), I believe it is pertinent to 

examine whether the ability of college grades to explain gaps in persistence works 

differently for men and women.     

In the chapter, I use a nationally representative sample of college matriculates to 

explore whether the gaps in persistence observed in chapter 2 are the result of lower 

grades in PS/E courses.  Specifically, I explore these questions:   

(1) Are differences in persistence between students in PS/E and students in other 

fields due to average differences in college grades?  

(2) Is the estimated effect of grades on persistence stronger for students in PS/E 

fields than in other fields?   

(3) Are these patterns different by gender?            

LITERATURE REVIEW 

Introduction 

Grades are the dominant measure of student quality in our educational system and 

as a result have many important functions (Caulking, Larkey, & Wei, 2002).  Grade point 

averages are often used to make judgments about students, such as whether a student 

should receive financial aid, attend graduate school, or get a job (Milton, Pollio, & Eisen, 

1986; Yorke, 2009).  While GPA is certainly helpful in its ability to provide information 
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to others, individual grades also provide valuable information to students.  Grades are 

essential in helping students assess their strengths and weaknesses from one field of study 

to another and are a valuable evaluation tool for students as they try to determine their 

chances for success in a given field (Dowd, 2000; Milton, Pollio, & Eison, 1986).   

Although the notion that grades influence persistence is far from new (Ewert, 

2010; Hu, McCormick, & Gonyea, 2011; Ost, 2010; Rask, 2010), research using 

nationally representative data has not considered whether or how differences in grading 

between fields shapes college persistence.  As students enter college, most have an idea 

about the field in which they wish to pursue a degree (Astin & Astin, 1993; Stinebrickner 

& Stinebrickner, 2011).  The early years of college are therefore a time when students are 

assessing this decision and perhaps deciding to change field of study (Gasiewski et al., 

2012).  Grades become an essential factor in this decision-making process.  If all fields 

awarded similar grades, it would be reasonable to expect that grades would predict 

persistence and switching at similar rates across fields.  However, PS/E classes typically 

assign lower average grades (Kokkelenberg & Sinha, 2010; Rask, 2010; Sabot & 

Wakeman-Linn, 1991), which leads to the possibility that average grades may explain 

gaps in persistence between PS/E students and those in other fields.  In the section that 

follows, I consider past literature on persistence and college grades.  I begin by exploring 

possible reasons students in PS/E earn lower grades.  Next, I consider research that either 

supports or negates the hypothesis that lower grades in PS/E explain differences in 

persistence between fields of study.  Subsequently, I examine whether the estimated 
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effect of GPA on persistence may be stronger for PS/E students than for students in other 

fields.  Lastly, I consider these issues as they relate to gender.  

Why are Grades Lower in PS/E? 

 Several explanations for why grades in PS/E courses are lower than grades in 

other courses are offered in the literature. The most obvious, and perhaps most frequently 

used, explanation is that the material in PS/E is more difficult than the material in other 

fields (Ashcraft, 2002; Holt, 2008).  A large factor in the difficulty of the material is that 

learning in mathematics and science relies heavily on pre-requisite knowledge.  For 

example, in mathematics a new concept is often defined in terms of other mathematical 

concepts (Curtis, 2008).  Thus, students’ learning from previous courses becomes 

essential to future course-work.  If students struggle in one course or are underprepared 

for college-level math and science this likely contributes to the lower grades seen in PS/E 

courses.  A study conducted by the Business-Higher Education Forum (2011)  found only 

31 percent of high school students sampled were interested in STEM, and of those, 14 

percent, about half, failed to meet the math proficiency benchmark for college readiness.  

Stinebrickner and Stinebrickner (2011) found that students at Duke University moved 

away from math and science courses not because they lacked the desire to work hard, but 

rather because they realized their ability was lower than expected.  Inadequate 

preparation and/or difficult material are often cited as reasons grades are lower in PS/E 

than in other fields.     
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 A second theme in the literature suggests that the lower grades are a response to a 

selection process that occurs within PS/E majors.  Daryl Chubin, director of the 

American Association for the Advancement of Sciences, claims there is a different 

culture in science which says “not everybody is good enough to cut it, and we’re going to 

make it hard for them, and the cream will rise to the top” (cited from Epstein, 2006).  

Some argue that the selection of the top students is simply a necessary response to the 

limited resources available to meet the high demand for PS/E courses, while others argue 

that the selection is unnecessary and stems from an intentional process to ‘weed-out’ 

students who are deemed less qualified for a career in science.  The weed-out process is 

carried out in large part by the assignment of low grades which often send a message to 

the student that they do not belong in the major (Kulick & Wright, 2008; Tobias, 1990).  

As for the argument related to limited resources, Atkinson and Mayo (2011) have pointed 

out that the cost structure for most college STEM programs relies heavily on low cost, 

high enrollment lower division classes to offset the high cost, small enrollment upper 

division laboratory classes.  The dwindling down of students, then, may simply be a 

response to the inability to handle large numbers of students in upper level laboratory 

courses.   

In an exploration of why grades are not consistent across fields, Achen and 

Courant (2009) used data from students enrolled at the University of Michigan from 1992 

to 2008.  They postulated that departments must handle a balance between professors 

who would prefer small classes with highly talented and motivated students, with a dean 

who prefers enrolling large numbers of qualified students.  In fields such as PS/E where 
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there are large numbers of interested students, professors are able to assign relatively low 

grades to help lessen the congestion without threatening the dean’s vision for enrollment.  

Alternatively, in fields with low enrollment, professors use high grades to attract 

additional students.  While Achen and Courant (2009) maintain the lower grades in PS/E 

are a way to limit the large numbers of students interested in majors within this field, 

Dowd (2000) points out that faculty in PS/E have a reduced incentive to keep high 

numbers of students because of the large amount of external funding typically awarded in 

PS/E.  She contends that faculty may actually use low grades in an attempt to persuade 

the least capable students to switch fields.         

In fact, many have argued that the low grades awarded in PS/E may be an attempt 

to eliminate all but the ‘top tier’ students, in part because this brings prestige to the field 

(Dowd, 2000; Gasiewski et al., 2012; Seymour & Hewitt, 1997; Tobias, 1990).  Past 

research suggests that a unique culture exists in many introductory level mathematics and 

science courses, which has led to the terms weed-out and gate-keeper being used to 

describe these classes (Barnes, 1997; Cairney, Hodgdon, & O, 2008; Gasiewski at el., 

2012).  These courses are known for having large numbers of students, uninteresting 

curriculum, lecture-based teaching, a competitive environment, and particularly low 

grades (Achen & Courant, 2009; Brainard & Carlin, 1998; Seymour & Hewitt, 1997).  

The dominant philosophy of grading used in these courses is one in which students are 

ranked against one another according to the normal curve, thus the term norm-referenced 

grading is often used to describe the process (Kulick & Wright, 2008; Tobias, 1990).  

This type of grading is certainly not new. Nelson found that during a 1930 survey of 89 
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four-year colleges and universities, 55 percent of faculty were given a recommendation to 

base the distribution of grades on the normal curve.  The most common suggestion was 

assigning 5 percent As, 20 percent Bs, 50 percent Cs, 20 percent Ds, and 5 percent Fs 

(Briggs, 2008).  Similar grading schemes are used today and generally stem from the 

belief that student ability is most likely normally distributed (Kulick & Wright, 2008; 

Maxwell, 2007).  Although such grading practices are most common in introductory 

science courses (Seymour & Hewitt, 1997) they are not limited exclusively to these 

classes.  Using the Faculty Beliefs about Grades Inventory, Cairney, Hodgdon, and O 

(2008) documented that similar standards existed among business professors, with males 

and those working closely with large national/international firms showing a greater 

likelihood to prefer using norm-referenced grading.   

On the contrary, in some fields beliefs about grades are based on a criterion-

referenced approach, where student performance is compared to a pre-established 

standard of achievement.  Faculty with this view of grading are more often in high-

grading fields such as the social sciences and humanities, and often focus on fostering 

student development and personal growth (Angelo & Cross, 1993).  In high-grading 

fields, assignments requiring interpretation in grading are common, and therefore the cost 

for faculty associated with assigning low grades is higher (Achen & Courant, 2009).  

However, in low-grading fields, the focus is generally on learning facts and principles, 

with grades usually being derived from objective measures such as multiple-choice tests 

(Angelo & Cross, 1993; Barnes, Buss, Campbell, & Perry, 2001).  In this scenario, the 

assignment of low grades comes with a much lower cost for faculty.  Interestingly, the 
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contrast between these two approaches to teaching and grading was seen among the 

students at the University of Michigan in two science courses with different structures.  

In introductory laboratory physics classes, the average grade on a 4-point scale was a 

3.55 and in the associated lecture courses the average was a 2.82 (Achen & Courant, 

2009).  The relatively low grades awarded in PS/E may be related to the type of 

knowledge that is being assessed, in combination with the use of norm-referenced 

grading policies.  

Should We Expect Differences in Average Grades to Explain Differences in 

Persistence?  

While the reasons why may not be perfectly clear, we do know that students in 

PS/E earn lower average grades than students in other fields of study.  An important 

question I seek to answer in this chapter is: do these lower grades explain why students in 

PS/E persist less than students in some other fields?  Past research lends insight into what 

we should expect to see as a link between earning lower grades and a higher likelihood of 

leaving the field has been established.  Sabot and Wakeman-Linn (1991) using data from 

students at Williams College, estimated the probability that students took a second course 

in one of five fields, based on their grade in the first course in that field.  They found that 

as the grade in the first course decreased so did the probability of taking a second course 

for students in mathematics, economics, and English.  Furthermore, using a simulation 

analysis they found that if students in economics had the same grading practices as 

students in English, 12 percent more students would take an additional course.  In 

mathematics, an astonishing 80 percent of mathematics students would take an additional 
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course if the grading in mathematics was the same as the grading in English.  This Sabot 

and Wakeman-Linn study was later replicated at Duke University during the late 1990’s 

with very similar results (Johnson, 2003).  In this study, Johnson (2003) found that if 

grading was more equitable between math/science and the humanities, students would 

take four math/science electives compared to the average 2.8 courses taken currently.  

Across the entire undergraduate population at Duke this would result in 7,000 additional 

enrollments in math/science courses.  Katz, Allbritton, Aronis, Wilson and Soffa (2006) 

found a similar relationship existed within computer science.  Students taking an 

introductory computer science course who earned a B compared to an A were less likely 

to take the next course in the sequence.  Rask (2010) used the actual distributions from 

STEM and non-STEM grades to predict how assigning STEM students the average 

grades of students in other majors would impact STEM persistence rates.  He found that 

increasing the average STEM grades by 0.33 would result in 2%-4% more students 

continuing in STEM.     

The literature discussed in the prior paragraph lends support to the argument that 

lower grades will help account for the lower persistence rates found among PS/E students 

compared to business, education, and humanities students.  Yet these studies cannot be 

considered comprehensive as none of these studies measure persistence through earning a 

bachelor’s degree in one’s intended field of study.  In this chapter, I therefore seek to 

explore the validity of such arguments about the role of average grades in explaining gaps 

in persistence to degree attainment.      
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The Effect of Grades on Persistence 

As a student’s GPA increases, so does his/her likelihood to persist (Cabrera, Nora, 

& Castaneda, 1993; St. John, 1990); however this association may not be equal across 

fields of study.  When comparing students who earn low grades in PS/E with students 

who earn low grades in other fields, there are reasons to think that grades will be more 

predictive of persistence among PS/E students, while there are other reasons suggesting 

grades will be less predictive of persistence for PS/E students.  One reason grades may be 

more predictive for PS/E students is the weed-out culture.  In introductory PS/E courses 

grades are commonly used as a way to send a message to a student with low grades that 

they do not belong in the major (Dowd, 2000; Gasiewski et al., 2012; Seymour & Hewitt, 

1997).  At the same time, even students who earn low grades in PS/E often have 

opportunities to enter other majors as they are often highly prepared for college work and 

earn higher non-PS/E than PS/E grades (Leppel, Williams, & Waldauer, 2001; Sabot & 

Wakeman-Linn, 1991).  This means that students in PS/E with low grades have both an 

incentive and the opportunity to switch to another field, which may not be present for 

students in other fields of study.     

Other literature, however, has suggested earning lower grades in PS/E is not as 

predictive of persistence as would be expected in other fields.  Adelman (2008) and Kohn 

(2008) argued that there is no reason to think that disparities between average grades in 

different fields should lead to different outcomes.  Hunt (2008) summarizes their 

argument in this way, “if grades in some disciplines are higher because of the local 

grading conventions, people will take this into account as they interpret the grades” 
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(p.203).  Based on this logic we would expect students who earn low grades in PS/E to be 

less influenced by these grades compared to students with low grades in other fields.  

PS/E students also have an added benefit to earning a PS/E degree—the degree often 

leads to a high-paying, high-prestige job.  In the spring of 2009, the National Association 

of Colleges and Employers conducted a survey and found that low-grading departments 

are often associated with higher earnings, while high-grading departments are associated 

with lower earnings.  For example, students in low grading departments such as 

chemistry, mathematics, and physics were offered average starting salaries’ of $42,695, 

$47,584, and $52,800 respectively, while students in English, psychology, and the visual 

and performing arts were offered salaries of $32,733, $34,942, and $36,997.  For some 

students the opportunity to earn more money may offset the negative psychological effect 

associated with earning lower grades (Brighouse, 2008).  Therefore, low grades in PS/E 

may be less predictive of persistence than low grades in other fields.  

Is the Effect of Grades on Persistence across Field of Study Similar for Men and 

Women?   

While the possible patterns described in the previous section may work similarly 

for men and women there are also reasons to suggest that there might be some variations.  

Thinking first about female students, the incentive to enter a high-paying occupation may 

not be particularly influential in female PS/E student’s decisions about persistence.  

Loury (1997) found that the decision to attend college for women was less about the 

potential to earn higher wages than it was for men.  Also, women tend to place a greater 

value on the moral and personal dimensions of career satisfaction compared to the 



 

66 

 

monetary dimensions (Daymont & Andrisani, 1984; Frank, 1996).  Therefore, the high 

earnings potential may do little to offset the negative effect of receiving lower grades for 

female PS/E students.  In addition, females in PS/E are more likely to be victims of the 

‘chilly climate’.  This term was coined by Hall and Sandler (1982) to describe the 

differential treatment of women in college classrooms.  The chilly climate can range from 

more overt behavior, such as sexual harassment or discrediting women’s intellectual 

ability, to more subtle behaviors, such as interrupting women when they speak or 

referring to all scientists as “he” (Hall and Sandler, 1984).  As a result, females in PS/E 

classes who receive low grades may have an added incentive to leave their majors 

compared to females in other fields.   

Males in PS/E, on the other hand, may have added incentive to remain in their 

intended field of study despite low grades compared to males with low grades in other 

fields.  One reason is simply that PS/E is the field most strongly associated with 

masculinity.  This may encourage males with low grades to remain in the field, in an 

attempt to avoid potential social consequences from not succeeding in this male domain 

(Seymour & Hewitt, 1997).  Furthermore, males are highly cognizant of the need to earn 

a high salary, which again provides them with an added incentive to remain in PS/E even 

if earning low grades that is not necessarily available to students in other fields (Loury, 

1997).  Therefore, males in PS/E may be more likely to remain in PS/E despite earning 

low grades compared to the likelihood for males in other fields with low grades to remain 

in their majors.     
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Although there are good reasons to expect these patterns to vary by gender, there 

is also evidence that men and women are similarly influenced by their grades.  Crocker, 

Karpinski, Quinn, & Chase (2003) found that for students whose self-worth is highly 

contingent on academics, receiving bad grades is associated with dis-identification with 

their major.  Although the authors speculated that the effect would vary by gender, they 

found that among male and female engineering and psychology majors who have the 

same academic contingency and receive the same poor grades, they experience similar 

levels of dis-identification with their major.  So perhaps we should expect to see men and 

women responding to grades in similar ways across fields of study.     

DATA 

 In this chapter, as in Chapter 2, I use data from the National Education 

Longitudinal Study of 1988 (NELS) and the Postsecondary Education Transcript Study 

(PETS), as well as from student and parent surveys conducted during the students’ 

sophomore and senior years of high school.  The use of college transcript information 

about coursework and grades is rare, especially in a study using a nationally 

representative dataset.  Instead most studies on persistence that involve grades are either 

limited to samples with high-achieving students (Seymour & Hewitt, 1997; Strenta et al., 

1994) or to those with students from a single college or university (Ost, 2010; Rask, 

2010).  In this chapter, I use the same analytic sample as was used in Chapter 2 with one 

exception.  I further limit my sample to students who earn a bachelor’s degree, allowing 

me to focus on the comparison of students who persist within field versus those who 

change intended fields and earn a degree in another area.   
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Measuring College Performance 

In trying to understand how the relationship between college performance and 

persistence varies by field, attention must be paid to the best way to measure college 

performance.  Here, I build on past work that uses a single conceptualization of 

performance and consider three ways to measure performance.  In this section I will 

describe my reasoning for using each measure and also how I construct each performance 

variable.  As students complete courses in college, grades provide students with feedback 

that helps them make decisions about what courses to take in the future (Gasiewski et al., 

2012; Katz et al., 2002; Rask, 2010).  The early years of college are particularly 

important as the majority of movement from one major to another occurs during the first 

two years (Brainard & Carlin, 1998; Kinzie, 2007; Kulick & Wright, 2008; Seymour, 

2002; Xie & Shaumen, 2003).  Therefore, introductory level courses become most 

influential in decisions about persistence, as much research has established a strong link 

between performance in these courses and one’s chosen field of study (Dynan & Rouse, 

1997; Jensen & Owen, 2001; Rask & Bailey, 2002; Sabot & Wakeman-Linn, 1991).  

Introductory courses are also influential because the grades in these courses are lower 

than those in upper level courses (Achen & Courant, 2009), which enables the grades to 

provide a greater degree of feedback to students.  For these reasons when I measure 

performance in this dissertation I limit all constructs to grades that are obtained during 

each student’s first two years of college.  Furthermore, I move beyond past work that 

focuses on a single measure of performance by considering three conceptualizations of 

college academic performance, average within major grades, the proportion of D and F 
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credits to total credits earned, and the comparative advantage between within field and 

outside of field grades.   

Within Field GPA 

I begin by looking at the average grades for each student within their intended 

field of study.  Using this measure will allow me to assess whether differences between 

fields on students’ within field GPA are able to explain differences in persistence seen 

from one field to another.  To construct this measure, I use data from the postsecondary 

transcript study detailing the field of study, credits, grade points, and time for each course 

completed.  Each course is assigned a Classification of Instructional Programs (CIP) 

code which provides the information necessary to determine the field of study for each 

course taken by each student.  Each course is tagged by using the CIP codes as being in 

PS/E, life science, business, the social sciences, education, health, or the humanities.  

From here the number of credits and grade points are recorded as well as the year the 

course was completed.  This information is then aggregated up to student level data by 

creating variables with the total number of grade points earned and the total number of 

credit hours earned in each field of study for each of the ten years in which data were 

collected.  Since not every student attended school directly after high school graduation 

or continuously, I created a variable that noted each student’s first and second years of 

post-secondary education.  To be considered as having attended college for a given year 

the student needed to complete five courses.  Finally, I was able to construct a GPA 

variable that was limited to the courses students took during their first two years of 

college and to the courses that were in their intended field of study.   
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Low Grades 

By measuring college performance using within field GPA, I am making the 

assumption that only a student’s grade point average matters, without concern for how 

that average is obtained.  Once the grades are combined into a single statistic, valuable 

information is lost.  Imagine two students with GPAs equal to 2.0.  The first student earns 

a C in every course within her major and the second student earns A’s in half of the 

courses and Fs in the other half.  While the students share the same GPA, the student who 

fails half of her classes will probably be much less likely to persist.  Receiving an F (or a 

D for that matter) may provide a student with a particularly strong message that she does 

not belong in the major and thus have a strong relationship with decisions about 

switching majors.  Boatright-Horowitz and Arruda (2011) find that students perceive 

their grades as either ‘good’ or ‘bad’, with no neutral categories existing.  I single out 

grades of D or F here because students are often faced with having to re-take any course 

in which they earn a D or F before moving on in the major (Haak, 2011).  The financial 

burden and stigma associated with repeating a course may provide an incentive for 

leaving the field.  If students in PS/E are more likely to earn Ds and Fs than students in 

other fields, which is expected due to the norm-referenced grading practices used by 

many PS/E professors (Briggs, 2008), this conceptualization of performance may be 

more helpful in explaining differences in persistence rates between fields.  

To construct this variable I again only consider courses within each student’s 

intended field of study and those grades received during each student’s first two years of 

college.  The new variable is a proportion of the total number of credits in which a 
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student earned grades of D or F to the total number of credits accumulated.  If a student 

took four courses each worth three credits and failed one course, their proportion of low 

grades would be 3/12 or .25.  I use a proportion here to capture the difference between 

students who earn the same number of low grades, but take different numbers of courses.  

A student who takes a single science course and earns a D is very different from another 

student who takes seven science courses and earns a D in one course.  Using a proportion 

to measure low grades helps capture this difference.    

Comparative Advantage 

As students interpret the grades they receive in one field of study, they naturally 

compare those grades with the ones received in other fields.  Sabot and Wakeman-Linn 

(1991) argue that it is this comparative advantage between their success within and 

outside their field that is most important in predicting decisions about persistence.  Given 

that grades are not uniform across contexts, Dowd (2000) argues that persistence 

decisions made by students may not reflect their true probability for success.  Students 

earning a B- in a science course may be among the top performers; however they may 

perceive this to be a low grade due to the likelihood that they receive higher grades in 

classes outside of the sciences.  If grades are higher outside of your intended field this 

may be seen as an incentive to switch fields, on the other hand if a student earns higher 

grades in his/her intended field of study this may influence the student to remain in his 

intended field.  Given that PS/E students generally perform better outside of PS/E than in 

PS/E, this may have significant implications for the gap in persistence between students 

in different fields.  
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Therefore, I construct the comparative advantage between students’ within field 

GPA and their outside of field GPA.  The outside of field GPA averages the grades from 

every course not in a student’s intended field of study that was completed in the first two 

years the student attended college.  I then subtract the outside of field GPA from the 

inside of field GPA, making the comparative advantage measure.  A positive score on 

this variable indicates that students have a higher GPA in their intended field of study and 

a negative value indicates they have a higher GPA outside of their intended field of study.   

METHODS 

 I begin the analysis by looking at descriptive statistics for the three measures of 

college performance by field of study.  I pay particular attention to differences on each 

measure of performance between PS/E students and those students in other fields of 

study.  Then I look at these measures separately for male and female students, again 

looking for differences between PS/E students and others.  In addition, I consider gender 

differences between men and women within the same field of study.  From here I move 

to a multivariate analysis in which my goal is to examine the extent to which differences 

in persistence are related to differences in performance, as measured by my three college 

performance variables.  I use logistic regression analyses comparing the likelihood of 

earning a degree in one’s intended field of study compared to earning a degree in another 

field.  My independent variable of interest is intended field of study which allows me to 

compare the likelihood for students in different fields (relative to students in PS/E) of 

persisting versus switching.  This will enable me to explore the extent to which 

differences between fields in average college grades contribute to differences in 
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persistence.  I begin with a baseline model that includes the key independent variable, 

field of study, and controls for social origins, family background, and high school 

preparation.  This model simply repeats model 3 of Table 2.4 in Chapter 2.  Then as I 

include the measures of college performance I pay particular attention to changes in the 

odds ratios between models for the intended field of study dummy variables.  In the final 

model, I include field of study by within field GPA interactions to explore whether the 

relationship between GPA and persistence is stronger for students in PS/E compared to 

those in other fields.  Lastly, I look at these models separately for men and women.   

RESULTS   

Performance Measures 

Table 3.1 shows descriptive statistics for each college performance variable.  Any 

significant differences between students in PS/E and students in other fields are marked 

with asterisks.  Looking at the data for within field GPA, PS/E students have significantly 

lower within field GPAs than students in business, the social sciences, education, and the 

humanities.  The within field GPA for students in the life sciences and health are 

statistically equal to the GPAs for students in PS/E.  The majority of the within field 

courses taken by students in the life sciences and health during the first two years of 

college are in the biological sciences which might be why students in the two fields have 

similar GPAs.  This also provides some evidence that the grading practices used in PS/E 

and the life sciences are similar, as has been suggested in other research (Kulick & 

Wright, 2008).  Education students have the highest GPAs, followed by students in the 
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humanities.  Several other studies have also documented that grades are relatively high in 

these two fields (Adelman, 2008; Beck, 1999).   

Turning to the results for the proportion of D and F credits to total credits 

accumulated within students’ intended field of study, we see that for students in PS/E, 

15% of their within field credits are Ds or Fs.  The high proportion of Ds and Fs 

demonstrates that earning low grades is quite common in PS/E, at least among some 

students.  PS/E students earn a higher percentage of D and F credits than students in 

business, the social sciences, education, health, and the humanities and earn a statistically 

equal proportion as students in the life sciences.  Here again we see the similarity 

between the life sciences and PS/E and see that students in education and the humanities 

have the lowest proportion of low grades assigned.  This pattern is consistent with the 

perspective that classes in PS/E are more likely to use norm-referenced grading, while 

classes in fields such as education and the humanities are more likely to use criterion-

referenced grading. 

Finally, I will discuss the measure of comparative advantage, which is the 

difference between within-field GPA and outside-of-field GPA.  As shown in Table 3.1, 

students in PS/E have a significantly larger GPA differential than students in any other 

field and their differential favors their outside of field grades.  On average, students in 

PS/E perform 0.37 of a grade point better in classes outside of PS/E.  Although the gap is 

wider for PS/E students than those from any other field, students in the life sciences, 

business, the social sciences, and health also have a comparative advantage favoring their 
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outside-of-field GPAs.  On the other hand students in education and the humanities 

perform better in courses within their intended field of study.     

Considering Gender 

 Next, I will discuss the results in Table 3.2 showing the means separately for men 

and women on each academic performance measure.  Looking at within gender 

differences across fields, there are pretty similar patterns as were observed with the 

pooled data.  Although the patterns of difference are similar, on the whole it appears as if 

male PS/E students are slightly less likely to have significantly different scores compared 

to males in other fields than female PS/E students are compared to females in other fields.  

For example, on the within-field GPA measure and the proportion of low grades male 

PS/E students score lower than students in the social sciences, education, and the 

humanities.  Among PS/E women, the same pattern holds, but PS/E women are also 

disadvantaged on within-field GPA compared to business students and they are 

disadvantaged on the proportion of low grades compared to female students in all other 

fields.  Lastly, looking at the comparative advantage, both male and female PS/E students 

have a significantly greater GPA differential than students in any other field of study.  

This result is not surprising, given that we saw in Chapter 2 that PS/E students were 

advantaged on measures of both mathematics and English high school preparation.      

 Now I turn to explore differences in gender within field of study.  As we saw with 

differences in high school preparation in Chapter 2 a similar pattern appears here as well.  

There are many more differences between PS/E students and students in other fields, than 

there are between male and female students within the same field.  The only fields in 
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which men and women earn different within-field average grades are in education and the 

humanities where women have an advantage between 0.24 and 0.33 grade points.  I also 

find that women in the humanities earn a lower proportion of D and F credits than males 

in the humanities.  Finally, women in PS/E and health have a larger comparative 

advantage favoring outside of field GPA than men.  Within PS/E, men and women have 

similar grades with the exception of the comparative advantage measure.  This is an 

important finding that has implications for considering the gender gap in persistence 

within PS/E that I will return to in Chapter 4.       

Multinomial Logistic Regression Results 

Next I turn to the results of multinomial logistic regression analyses, which are 

designed to consider three questions.  First is the lower persistence of PS/E students 

explained by the fact that on average they have lower college grades than students in 

other fields? Second, is the estimated effect of college grades on persistence different for 

students in different fields of study?  Finally, are these patterns similar by gender?  

As shown in Chapter 2 and here in model 1 of Table 3.3, after taking into account 

social origins, family background, and high school preparation, the odds for students in 

business, education, and the humanities of persisting and earning a degree in their 

intended field of study versus earning a degree in another field of study are greater than 

the odds for students in PS/E.  For example, the odds that a business student persists 

versus switches fields is 3.55 times greater than the odds for a PS/E student.  In model 2, 

I include the measure for within-field GPA, which is significantly predictive of 
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persistence.  The odds a student persists versus switches is 1.65 times greater for each 

one unit increase in within-field GPA.  Including this measure of GPA decreases the odds 

ratios from model 1 to model 2 for each field of study.  I find that there is a statistically 

significant decrease in the odds ratio in model 2 compared to the odds ratio in model 1 

for students in business, education, and the humanities.  This means that the lower grades 

students in PS/E earn compared to students in these three fields explain, at least in part, 

why students in these fields have higher persistence rates.      

In model 3, I replace the measure for within-field GPA with the measure for the 

proportion of low grades earned4.  The odds ratio for this variable is 0.18 and significant 

(p<.001) which tells us that the proportion of low grades is negatively associated with 

persistence, net of social origins, family background, and high school preparation.  

Although a similar pattern is observed in the change in odds ratios between model 1 and 

model 3 that was seen when comparing across models 1 and 2, the decrease does not 

appear to be as strong as the one seen in model 2.  In testing for model fit using the 

Bayesian Information Criterion (BIC), I find that including the within-field GPA provides 

a better model fit than including the proportion of low grades.  The difference in the BIC 

statistics is 6.5, which provides strong evidence that model 2 is the better fit model 

(Ender, 2012).  This suggests that measuring performance by comparing average 

differences in within-field GPA is better in explaining differences in persistence, than 

using the proportion of low grades.  In the next model, I include the comparative 

                                                 
4 I experimented with models that included a control for the number of PS/E credits earned, as well as other 

cut-offs for low grades.  These models resulted in substantively similar results as those shown in model 3 of 

Table 3.3. 
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advantage measure while also controlling for students overall GPA.  Both of these 

variables are statistically significant predictors of persistence.  The pattern observed 

among the field of study dummy variables between model 1 and model 4 are similar to 

those observed between model 1 and model 2.  Again I find that replacing the within-

field GPA measure with the comparative advantage measure does not improve the model 

fit.     

In the final model, I examine whether the association between within-field GPA 

and persistence is similar for students in PS/E compared to students in each field of study 

by including interaction variables between GPA and field of study.  The interactions are 

significantly different for students in the life sciences, business, the social sciences, 

health, and the humanities compared to students in PS/E.  To help assist in the 

interpretation of these interaction variables, I include in Figure 3.1, a graph of the 

predicted probability of persistence for each field of study and for students with GPAs 

one standard deviation below the mean, at the mean, and one standard deviation above 

the mean.  The bold line shows the predicted probability for students in PS/E whose 

average PS/E GPA is one standard deviation below the mean, at the mean, and one 

standard deviation above the mean.  Notice that the slope of this line is much steeper than 

the slope for the line representing the corresponding predicted probabilities for any other 

field.  This difference in slope helps to demonstrate why the interactions in model 5 were 

significant.  It shows that the estimated effect of grades on persistence is greater for 

students in PS/E than for students in any other field.  The only exception is with students 
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in education for which there was not a significant interaction, but these students are not 

included in Figure 3.1.   

If you look at the predicted probabilities for students with the mean GPA in the 

life sciences, health, and PS/E, you notice there is very little difference in the predicted 

probability these students persist to earn a degree in their intended field of study versus 

earning a degree in another field.  This is not surprising given the non-significant odds 

ratios for the life sciences and health found in model 2.  This suggests that average 

differences in within-field GPA do not explain differences in persistence.  However, if 

you turn to students that are one standard deviation below the mean on GPA, you see that 

PS/E students have lower predicted probabilities than students in the life sciences and 

health.  For all students with GPAs one standard deviation above the mean, those students 

in PS/E have higher predicted probabilities of persistence compared with students in the 

life sciences or health.  Therefore, the association between GPA and persistence for 

students in PS/E and the life sciences, and also students in PS/E and health, depends upon 

the student’s GPA.   

Looking next at the predicted probabilities for students in business compared to 

PS/E, there is a similar difference where the slope of the business line is less than that of 

the PS/E line; however, the predicted probabilities are always greater for students in 

business.  This supports the finding from model 2 that after controlling for GPA and net 

of social origins, family background, and high school preparation, students in these fields 

have significantly higher persistence rates than students in PS/E.  Finally, students in the 

social sciences have lower predicted probabilities than students in PS/E across the 
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distribution of GPA.  Giving further consideration to the differences observed across the 

distribution of GPA it becomes clear that the gap between low and high performing 

students in PS/E is much larger than the gap between low and high performing students 

in any other field.  So, for students in PS/E, GPA is more predictive of within-field 

persistence.   

Patterns by Gender 

 Next, I consider whether the patterns discussed previously are similar when the 

data are examined separately for men and women.  Table 3.4 shows the logistic 

regression results for male students and Table 3.5 shows the results for females.  While 

some differences do exist, the overall patterns found in the pooled data are very similar to 

the patterns found when looking at the results separately by gender.  Specifically, 

examining the odds ratios for each college performance variable provides evidence as to 

whether the association between college grades and persistence is similar for men and 

women.  For example, as seen in model 2 of Table 3.4 and net of social origins, family 

background, and high school preparation the odds ratio among men for within-field GPA 

is 1.85 and statistically significant, while the odds ratio among women is 1.41 and also 

significant.  To ensure that this similarity is not due to differences in unobserved 

heterogeneity seen across models, I test the difference between these two odds ratios 

(Bruin, 2006) and find that they are not statistically different.  I complete a similar 

procedure for the college performance variables in models 3 and 4, and found that the 

coefficients for the proportion of low grades and comparative advantage are not 
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significantly different for men and women5.  I complete a similar process with the within-

field GPA by field of study interaction terms and found that there were no significant 

differences between men and women on these variables.  Overall, the ability of GPA to 

explain persistence is very similar for men and women.   

DISCUSSION AND CONCLUSION 

 This chapter contributes to our understanding of the role college performance 

plays in within-field persistence to degree.  Looking first at differences in grades between 

students from various fields, I find that despite the fact that PS/E students are the most 

academically prepared for college they do not perform better within their intended field 

of study than students in any other field.  In fact, PS/E students perform worse on within-

field GPA than students in business, the social sciences, education, and the humanities.  

Furthermore, PS/E students earn a higher proportion of D and F credits than students in 

any other field except the life sciences.  So not only do PS/E students earn lower overall 

average grades, they also earn more Ds and Fs.  Finally, the gap between students’ 

within-field and outside-of-field GPA is largest for students in PS/E and favors their non-

PS/E grades.  Therefore, it is not the case that PS/E students just perform worse in college 

on the whole.        

 The logistic regression results demonstrate that the lower average grades in PS/E 

account for part of the higher persistence rates found among students in business, 

education, and the humanities, net of social origins, family background, and high school 

                                                 
5 In results not shown, I reran models 2, 3, and 4 from Table 3 with a female by college performance 

interaction term and found that none of these interaction terms were statistically significant.  This again 

demonstrates the effect of college performance on persistence is similar for men and women.   
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preparation.  If students in PS/E earned similar grades to students in these fields, the gap 

in persistence rates would shrink.  To help describe the impact the lower grades of PS/E 

students have on persistence for students in these majors, I completed a counterfactual 

analysis (Buis, 2010).  This analysis shows what persistence rates we would expect to see 

for PS/E students if students in PS/E had the distribution of within-field GPA found 

among all non-PS/E students.  To begin with, on average and net of controls for 

background and high school preparation, 49 percent of students in PS/E persist, while 64 

percent of students in other fields persist.  Now for the counterfactual, if students in PS/E 

had the distribution of within-field GPAs found among students in other majors, we 

should expect to see 54 percent of PS/E students persist.  That means, an additional 5 

percent of PS/E students would persist if the grading in PS/E was more like the grading in 

other fields.       

Furthermore, the results show the estimated effect of GPA on persistence is 

stronger for students in PS/E than for those students in all other fields except education.  

This indicates that low-achieving students in PS/E have considerably lower persistence 

rates compared to average- or high-achieving students in PS/E and relative to the 

relationship found among students in other fields.  Thus, part of the reason students in 

PS/E do not have higher persistence is because low-achieving students in PS/E are more 

likely to switch than low-achieving students in other fields (relative to high-achieving 

students in the same fields), an issue that I will return to later in this discussion.   

 With regards to gender I find that the relationship between college grades and 

persistence is similar for men and women.  Although men and women persist at different 
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rates in different fields, the ability of GPA to explain differences in persistence works the 

same way for males and females.  Grades explain differences in persistence between 

fields similarly for men and women and the estimated effect of GPA on persistence 

between fields is similar for men and women.  While research tends to highlight gender 

difference, here we see little evidence that meaningful gender differences exist in the 

relationship between GPA and persistence.   

Taken together the results discussed in this chapter describe a rather unique 

situation.  PS/E students are more academically prepared than students in any other field, 

yet they do not earn better grades in their intended field of study.  However, they 

generally earn higher grades outside of PS/E than students from other fields earn outside 

of their majors.  Also, the differences in average grades between fields help explain part 

of the advantage in persistence found among students in business, education, and the 

humanities.  And lastly, the association between GPA and persistence is stronger for 

students in PS/E.  So it is important to take a step back and question what led to these 

unusual circumstances and discuss their possible significance.   

Many have argued that what is unique about PS/E is that a culture exists in 

introductory PS/E courses where grades are used to weed-out lower achieving students 

(Barnes, 1997; Cairney, Hodgdon, & O, 2008; Gasiewski at el., 2012).  It is a common 

practice in these courses to ensure the grades are normally distributed which in effect 

ranks students against one another (Kulick & Wright, 2008; Tobias, 1990).  This process 

may be working to drive down grades in PS/E courses relative to the average grades 

found in other fields and to push low-achieving students to leave the field.  At a time 
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when fears are mounting about the impending shortage of workers trained in PS/E, 

gaining a better understanding about the students who leave PS/E is of utmost 

importance.  Are the students who switch out of PS/E majors capable of being 

contributing members of the PS/E workforce? If so, it seems clear students are being 

unnecessarily pushed out of the field.  Yet it is possible that the students who leave lack 

the desire or knowledge needed for a successful PS/E career and, therefore, the process 

efficiently selects only those students who are going to be contributing members of the 

workforce.   

Therefore, an important question to answer is whether assigning low grades to 

students ranked at the low end of the class is effective.  By this question I mean, is this 

process successfully weeding out students who are not qualified for a career in PS/E or 

does the process weed out students who are capable of having a successful career?  

Kulick and Wright (2008) completed a study that provides insight into this question.  

They completed a simulation analysis and found that on tests whose results are normally 

distributed, as the level of test preparation among the students in a class rises, the role 

that luck plays in determining test scores also increases.  They warn that among the 

highest achieving students, those who are discouraged from continuing in their major are 

“perhaps chosen through a random process”.  Future research should investigate whether 

the students who are leaving PS/E majors are being pushed out due to their inability to 

successfully contribute to the workforce, or are unnecessarily being driven out through 

the use of norm-referenced grading.   
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Table 3.1: Descriptive statistics for measures of college performance: Means and standard deviations (Relative to PS/E 

intenders) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PSE Life Science Business Social Science Education Health Humanities

College Performance

Within Field GPA 2.64 (0.79) 2.68 (0.77) 2.87 (0.75) ** 2.92 (0.63) *** 3.38 (0.47) *** 2.67 (0.74) 3.04 (0.54) ***

Proportion of Low Grades 0.15 (0.23) 0.13 (0.26) 0.10 (0.22) * 0.07 (0.15) *** 0.02 (0.07) *** 0.08 (0.19) ** 0.06 (0.12) ***

Comparative Advantage -0.37 (0.58) -0.22 (0.57) * -0.10 (0.55) *** -0.03 (0.44) *** 0.36 (0.40) *** -0.22 (0.51) * 0.21 (0.46) ***

Ns (weighted) 500 152 317 371 133 197 474

Note:  Means are displayed first, followed by standard deviations in parentheses.  

Significance levels are marked with astericks indicting that the given mean is signficantly different from the mean for PS/E intenders * p<.05, ** p<.01, *** p<.001.  

Source: National Education Longitudinal Study 1988:2000
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Table 3.2: Descriptive statistics for measures of college performance by gender: Means and standard deviations (Relative to 

PS/E intenders) 

 

 
 

 

 

 

 

 

Male PSE Life Science Business Social Science Education Health Humanities

College Performance

Within Field GPA 2.68 (0.79) 2.61 (0.78) 2.78 (0.78) 2.93 (0.65) * 3.09 (0.57) ** 2.60 (0.83) 2.90 (0.56) *

Proportion of Low Grades 0.15 (0.22) 0.17 (0.30) 0.13 (0.25) 0.06 (0.14) *** 0.02 (0.08) *** 0.09 (0.22) 0.08 (0.13) **

Comparative Advantage -0.29 (0.57) -0.19 (0.58) -0.07 (0.54) ** -0.03 (0.44) *** 0.24 (0.42) *** -0.03 (0.43) * 0.18 (0.47) ***

Female PSE Life Science Business Social Science Education Health Humanities

College Performance

Within Field GPA 2.54 (0.77) 2.76 (0.75) 2.96 (0.71) *** 2.92 (0.62) *** 3.42 (0.44) *** 2.68 (0.72) 3.14 (0.50) ***

Proportion of Low Grades 0.17 (0.25) 0.07 (0.20) * 0.08 (0.19) ** 0.07 (0.16) *** 0.02 (0.06) *** 0.08 (0.19) * 0.04 (0.10) ***

Comparative Advantage -0.60 (0.55) -0.27 (0.55) ** -0.13 (0.56) *** -0.02 (0.44) *** 0.38 (0.40) *** -0.27 (0.52) *** 0.23 (0.46) ***

Note:  Means are displayed first, followed by standard deviations in parentheses.  

Significance levels are marked with astericks indicting that the given mean is signficantly different from the mean for PS/E intenders * p<.05, ** p<.01, *** p<.001.  

Source: National Education Longitudinal Study 1988:2000
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Table 3.3: Odds ratios from nested logistic models predicting the likelihood of persisting and earning a degree in one’s 

intended field versus switching and earning a degree in another field 

 

 

 

 

Field of Study
1

Model 1 Model 2 Model 3 Model 4 Model 5

Life Science 1.15 (0.29) 1.05 (0.27) 1.07 (0.28) 1.02 (0.26) 5.64 (5.06)

Business 3.55 (0.89) *** 2.95 (0.73) *** 3.23 (0.80) *** 2.87 (0.71) *** 12.77 (10.27) **

Social Science 0.61 (0.17) 0.47 (0.13) ** 0.49 (0.14) * 0.46 (0.13) ** 2.47 (2.27)

Education 4.53 (1.56) *** 2.86 (1.05) ** 3.51 (1.24) *** 2.88 (1.04) ** 9.04 (22.00)

Health 1.13 (0.34) 0.99 (0.31) 0.95 (0.30) 0.96 (0.30) 11.03 (12.33) *

Humanities 1.66 (0.38) * 1.19 (0.28) 1.31 (0.31) 1.14 (0.27) 13.24 (12.16) **

Background and Preparation

Female 1.06 (0.17) 1.05 (0.17) 1.05 (0.17) 1.06 (0.17) 1.08 (0.17)

Background and Preparation √ √ √ √ √

College Performance

Within Field GPA 1.64 (0.19) *** 2.69 (0.53) ***

Proportion of Low Grades 0.18 (0.06) ***

Overall GPA 1.64 (0.25) **

Comparative Advantage 1.42 (0.19) **

Interactions

Within Field GPA by Life Science 0.53 (0.17) *

Within Field GPA by Business 0.57 (0.16) *

Within Field GPA by Social Science 0.54 (0.16) *

Within Field GPA by Education 0.64 (0.48)

Within Field GPA by Health 0.40 (0.15) *

Within Field GPA by Humanities 0.42 (0.13) **

Notes: 
1
 Reference category is students intending PS/E.  Significance Levels: * p<.05; ** p<.01; *** p<.001. (n = 2,144).
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Figure 3.1: Predicted probabilities for persistence versus switching across the distribution of GPA for students intending each 

field of study 
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Table 3.4: Odds ratios from nested logistic models predicting the likelihood of male students persisting and earning a degree in 

one’s intended field versus male students switching and earning a degree in another field 

 

 

 

Male-Only Models Model 1 Model 2 Model 3 Model 4 Model 5

Field of Study
1

Life Science 1.14 (0.36) 1.03 (0.33) 1.14 (0.37) 1.01 (0.32) 3.06 (3.69)

Business 3.25 (1.06) *** 2.64 (0.83) ** 2.97 (0.94) *** 2.59 (0.83) ** 13.74 (14.43) *

Social Science 0.49 (0.18) 0.34 (0.13) ** 0.39 (0.15) * 0.35 (0.13) ** 3.23 (4.24)

Education 2.03 (1.19) 1.29 (0.76) 1.53 (0.91) 1.3 (0.77) 0.03 (0.11)

Health 0.4 (0.21) 0.31 (0.16) * 0.32 (0.17) * 0.31 (0.16) * 0.36 (0.68)

Humanities 1.37 (0.45) 0.95 (0.32) 1.11 (0.37) 0.91 (0.13) 35.16 (47.36) **

Background and Preparation

Background and Preparation √ √ √ √ √

College Performance

Within Major GPA 1.85 (0.27) *** 2.67 (0.60) ***

Proportion of Low Grades 0.17 (0.07) ***

Overall GPA 1.70 (0.33) **

Comparative Advantage 1.60 (0.30) *

Interactions

Within Field GPA by Life Science 0.66 (0.29)

Within Field GPA by Business 0.54 (0.21)

Within Field GPA by Social Science 0.45 (0.21)

Within Field GPA by Education 3.54 (5.18)

Within Field GPA by Health 0.90 (0.60)

Within Field GPA by Humanities 0.28 (0.12) **

Notes: 
1
 Reference category is students intending PS/E.  Significance Levels: * p<.05; ** p<.01; *** p<.001.  (n = 937).
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Table 3.5: Odds ratios from nested logistic models predicting the likelihood of female students persisting and earning a degree 

in one’s intended field versus female students switching and earning a degree in another field 

 

 

 

Female Only Models Model 1 Model 2 Model 3 Model 4 Model 5

Field of Study
1

Life Science 1.68 (0.68) 1.54 (0.64) 1.43 (0.60) 1.49 (0.62) 9.59 (12.82) *

Business 5.86 (2.37) *** 4.95 (2.05) *** 5.14 (2.10) *** 4.82 (1.98) *** 7.82 (9.40)

Social Science 1.04 (0.41) 0.85 (0.35) 0.84 (0.33) 0.84 (0.34) 1.71 (2.07)

Education 8.42 (3.74) *** 6.00 (2.92) *** 6.44 (2.96) *** 6.00 (2.85) *** 80.28 (256.90)

Health 2.41 (0.98) * 2.16 (0.90) 2.04 (0.85) 2.10 (0.87) 28.30 (40.55) *

Humanities 2.79 (0.95) ** 2.16 (0.77) * 2.17 (0.78) * 2.08 (0.74) * 4.26 (5.27)

Background and Preparation

Background and Preparation √ √ √ √ √

College Performance

Within Major GPA 1.41 (0.23) * 2.22 (0.62) **

Proportion of Low Grades 0.19 (0.09) ***

Overall GPA 1.46 (0.32)

Comparative Advantage 1.24 (0.23)

Interactions

Within Field GPA by Life Science 0.50 (0.23)

Within Field GPA by Business 0.81 (0.32)

Within Field GPA by Social Science 0.74 (0.28)

Within Field GPA by Education 0.42 (0.40)

Within Field GPA by Health 0.38 (0.18) *

Within Field GPA by Humanities 0.74 (0.30)

Notes: 
1
 Reference category is students intending PS/E.  Significance Levels: * p<.05; ** p<.01; *** p<.001.  (n = 1,207).
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Chapter 4: Gender Differences in Persistence among PS/E Students  

INTRODUCTION 

In this chapter, I move away from making comparisons across fields, and focus 

exclusively on the gender disparities in persistence among PS/E students.  In Chapter 2, 

the results showed that among students intending to major in PS/E, women are more 

likely than men to abandon their intention during the college years.  I focus my attention 

in this chapter on students who earn a bachelor’s degree, as I am interested in how 

college performance in PS/E courses is associated with the decision to switch majors.  

Attempts to understand why students switch out of science majors into other fields often 

focus on the difficulty of the coursework.  A recent article in The New York Times by 

Christopher Drew (2011) sums up the prevailing view with his title, “Why Science 

Majors Change their Minds (It’s Just So Darn Hard).”  Given that grades are often the 

key measure used to judge student quality in our colleges and universities, the difficulty 

of science majors is most clearly observed through the lower average grades awarded in 

these courses.   

There is strong evidence that college grades are positively correlated with 

persistence (Ewert, 2010; Hu, McCormick, & Gonyea, 2011; Ost, 2010; Rask, 2010).  

This, coupled with the notion that women switch out of STEM majors at higher rates than 

men (Griffith, 2010; Ost, 2010; Strenta et al., 1994), often leads to the assumption that 

gender differences in college grades are a valid explanation for the greater tendency of 

women to switch out of PS/E majors (Ost, 2010; Seymour & Hewitt, 1997; Strenta et al., 

1994).  Such explanations fit nicely with the American ideal that success in science is 
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based on individual merit, and not an ascribed characteristic such as gender (Merton, 

1973).   

Although several studies have considered whether this explanation is valid there 

is little consensus about the extent to which gaps in college grades account for gender 

differences in persistence.  For one thing, many of these studies use samples of high-

achieving students (Seymour & Hewitt, 1997; Strenta et al., 1994) and/or examine 

students at a single or small group of institutions (Rask, 2010; Ost, 2010).  The use of 

nationally representative data to explore this issue is extremely rare, as very few national 

datasets include information about college grades.  Many of the studies examining the 

gender gap in persistence have considered the role of academic performance only to find 

conflicting results.  In some studies, the gap in persistence was explained by the lower 

science grades of female students (Ginorio et al., 1993; Strenta et al., 1994), while others 

found that college grades do not explain observed gender differences (Dickie et al., 2006; 

Fehrs & Czuijko, 1992).  As was shown in Chapter 3 of this dissertation, male and female 

PS/E students earn very similar within field average PS/E grades, which suggests that 

these grades are unlikely to explain the gender gap in persistence.  However, a significant 

gender difference on the comparative advantage measure exists suggesting that this 

difference may be more helpful in explaining the gender gap in persistence.   

  Other studies have considered whether the association between average grades 

and persistence are similar for men and women.  Again, some studies found the effect is 

greater for males, while others found the effect is greater for females, and others found no 

significant gender differences exist.  Given that gender differences in college grades are 
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small, examining the interaction effect between gender and college grades may be a more 

productive line of inquiry in helping to explain the gender gap in persistence.  Therefore, 

I contribute to the existing literature in this area by using data from a nationally 

representative sample to complete a detailed and thorough investigation designed to 

answer the following questions:  

(1) Do gender differences in college performance explain the gender gap in PS/E 

persistence? 

(2) Does the estimated effect of college performance on persistence in PS/E vary 

by gender?    

LITERATURE REVIEW  

Explaining the Gender Gap in PS/E  

It has long been assumed that all it takes to be successful in science is ability and 

effort.  This assumption was highlighted in Merton’s theory of universalism, which 

suggested that success in science is available to anyone who demonstrates their ability to 

meet certain objective and measurable criteria (Merton, 1973).  This thinking has led to 

the presumption that if women are not successful in science, they are lacking the ability 

needed for success and emphasizes that gender is not a factor.  However, research has 

found that gender, net of proxy measures for ability, is predictive of success in science, 

shedding doubt on the ideas about the universalism of science (Riegle-Crumb, King, 

Grodsky & Muller, 2012; Xie & Shaumen, 2003).   

The question of why women are underrepresented in science is often couched in a 

“nature versus nurture” discourse.  Some people claim the continued inequality in PS/E is 
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the result of differing interests between men and women (Baron-Cohen, 2007) or due to 

inherent gender differences in ability (Collellan, et al., 2000; Mikk, That, & Must, 2011), 

while others argue that socialization and discrimination are the key factors contributing to 

the inequality in PS/E (Charles & Bradley, 2002; Clewell & Campbell, 2002; Eccles, 

1994). More recently, scholars have argued that trying to place the multifaceted issue of 

women’s underrepresentation in science into one of these two categories is too simplistic.  

For example, Halpern, Wai, & Saw (2005) postulated that humans are both biological and 

social organisms and recommended the adoption of a psychobiosocial model as the 

framework from which we can better understand cognitive sex differences.  While it is 

true that inequality in science is a complex issue, Seymour and Hewitt (1997) 

nevertheless found signs that the nature versus nurture debate is pertinent in the lives of 

college students in science, math and engineering:  

On every campus, we found evidence of a covert debate about the source and 

nature of women’s difficulties in S.M.E majors . . . The core of the argument was 

the traditional issue of whether women’s poorer representation in S.M.E majors 

and careers reflected innate mental limitations, or whether it was largely a product 

of socialization and the unfavorable conditions for women in the sciences (p.284). 

Cultural beliefs about the “natural” abilities and inclinations of males and females 

remain strong (Barone, 2011; Charles & Bradley, 2002).  Negative stereotypes about 

women’s ability in mathematics and science flourish in our society, and impact the way 

women experience college science majors as well as influence the way professors and 

male peers interact with female students (Chipman, 2005; Spencer, Steele, & Quinn, 

1999; Steele, 1997).  For centuries people have argued that women are less capable of 

doing math and science.  In the 1800s, phrenologists and craniologists argued the average 
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brain size and weight for women compared to men was evidence of women’s inferior 

intellectual ability (Whaley, 2001).  Similarly, in a 2011 article Mikk, That, & Must 

(2011) stated that males are more intelligent, writing “The main reason for higher 

intelligence in males is seen in their greater brain size”.  Later in the article they argue 

that due to males’ higher intelligence we should expect to see gender differences in 

degree attainment in the sciences.   

Others have made similar links between women’s ability and outcomes in science.  

For example, in 2005, while speaking at a conference on approaches to diversifying the 

science and engineering workforce and about the underrepresentation of women at the 

highest levels of math and science, Lawrence Summers, while he was president of 

Harvard University, commented that “in the special case of science and engineering, 

there are issues of intrinsic aptitude, and particularly of the variability of aptitude, and 

that those considerations are reinforced by what are in fact lesser factors involving 

socialization and continuing discrimination.”  His comments eventually led to his 

dismissal, perhaps more than anything highlighting the intensity of the nature versus 

nurture debate.  In a recent article Robinson and Lubienski (2011) offered that the greater 

proportion of males in the top 1% of performers on the ECLS-K standardized 

mathematics test “has implications for the representation of females in math-related 

careers” (p.295).  Notions about women’s lower ability in math and science combine with 

ideas that success in these fields is based on merit, often leading to the conclusion that 

women’s underrepresentation in PS/E must reflect gender differences in ability.  Such 

conclusions are commonplace, yet they are rarely empirically tested, especially in studies 
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with nationally representative data.  If links between college performance and the gender 

gap in persistence are unfounded, then continuing to use achievement as a justification 

for gaps in persistence is problematic.  By doing so, we risk perpetuating gender 

stereotypes about ability in math and science and risk hampering women’s chances for 

success in college.  Women themselves, and certainly their professors and peers, will be 

influenced by stereotypes that they cannot perform to the level of their male peers.    

Gender and Persistence within PS/E 

Several studies have examined the relationship between college performance and 

gender gaps in persistence with conflicting results emerging.  Although I focus 

exclusively on PS/E majors in this study, here I draw upon the larger STEM literature as 

it is relevant in most respects and very few studies focus exclusively on persistence in 

PS/E.  In studies that involve samples with high-achieving students, women are 

consistently found to be less likely than men to persist in STEM majors (Griffith, 2010; 

Ost, 2010; Ware & Dill, 1986).  In these studies the role of grades in explaining this gap 

is unclear.  For example, Strenta et al. (1994) using a sample of students from four highly 

selective universities found the persistence rate for female STEM majors was 48 percent 

compared with 66 percent for males.  However, no clear pattern emerged when they 

considered the role of grades in explaining the gender gap.  They found that among 

chemistry and physics students the gender gap in persistence was almost entirely 

explained by the lower college science grades of female students; however, in 

mathematics and computer science, grades did not explain the lower persistence rates of 

female students.  Zavala (2011) used data from three Texas universities as part of the 
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Texas Higher Education Opportunity Project (THEOP) and again found that males persist 

at higher rates in STEM than females.  Yet, he did not find any evidence that the gender 

gap in persistence is explained by differences in grades.  Ost (2010) found that the 

opposite was true in his study of students at a large elite research institution.  While the 

male-female gap in persistence was about 10 percentage points favoring males, he stated 

that gender differences in grades explain the majority of this gap.   

A small number of studies have used nationally representative data to explore this 

issue.  Griffith (2010), using data from the National Longitudinal Study of Freshman, 

found that female STEM majors were less likely to persist than male STEM majors.  

Although she found that grades were predictive of persistence for both men and women, 

she did not test whether grades explained the gender gap in persistence.  Other nationally 

representative studies have found that men do not have an advantage in persistence. Chen 

(2009) used data from the Beginning Postsecondary Students Study (BPS: 1995-96 

Cohort) and determined that no gender differences in persistence exist.  In another study 

using data from the 1989-90 cohort of BPS, Huang, Taddese, and Walter (2000) found 

that out of first year STEM students, 49 percent of women earned a STEM degree within 

five years compared to 40 percent of men.  Neither of these datasets collected transcript 

information so no analyses involving college grades were completed.  

While much has been learned about equity in STEM from such studies there is 

still much that we do not know.  Missing from the literature is an investigation using 

nationally representative data that include(s) college transcript information that 

specifically explores the extent to which gender differences in college performance 
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explains the gender gap in PS/E persistence.  Past studies almost exclusively lump all 

STEM fields into one, ignoring potentially large differences between students in male 

dominated PS/E majors and students in the equitable biological sciences. 

The Effect of College Performance on Persistence in PS/E  

While average gender differences on measures of college performance may or 

may not account for the gender gap in persistence, it is also important to consider if a 

contributing factor to the gap is whether the relationship between GPA and persistence 

varies for men and women across the distribution of GPA.  Perhaps the higher average 

persistence rates among males are driven by a large gap in persistence among students at 

the high end of the grade distribution, while there is a small or nonexistent gap at the low 

end of the grade distribution.  Or maybe the opposite is true.  A large gap in persistence 

exists for students with low grades and there is little difference among students at the 

high end of the distribution.     

 Why might we expect men and women with the same levels of college 

performance to make different decisions about persistence?  Imagine the average man 

and the average women both receive a D (or any grade for that matter) in organic 

chemistry.  Why might they react differently?  Traweek (1988) found in her study of 

high-energy physicists, they believe their world is “an extreme culture of objectivity; a 

culture of no culture” (p.162).  The notion of objectivity is central to science, yet many 

researchers critique this perspective as ignoring the history and masculine culture of 

science (Conefrey, 2001; Eisenhart & Finkel, 1998).  In, Has Feminism Changed 

Science? Schiebinger (1999) explains that science “is a product of hundreds of years of 
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active shunning of women” (p.11) and therefore cannot be objective.  Many argue the 

culture and learning environment in PS/E is oriented toward men, which is signified by 

the “weed out” culture found in many introductory PS/E courses (Tobias, 1990; Erwin & 

Maurutto, 1998; Dowd, 2000).  These courses are known for being large, lecture-based 

courses that promote learning through memorization, as well as having a competitive 

grading environment in which the assignment of low grades is common (Achen & 

Courant, 2009; Brainard & Carlin, 1998; Seymour & Hewitt, 1997).  Grading in these 

courses is often based on the results of multiple-choice tests, where grades are assigned 

by ranking students against one another according to the normal curve (Kulick & Wright, 

2008; Tobias, 1990).  This method of grading coincides with the perspective that science 

is objective and value-free and it reinforces the belief that success is based solely on 

merit (Conefrey, 2001).   

Males may be better prepared to function and excel under this type of grading 

system as they have been socialized to compete from an early age, while this is rarely the 

case for women (Seymour & Hewitt, 1997).  Much research finds that women are 

socialized to have an extrinsic sense of self-worth and often look for encouragement and 

validation from others (Eccles et al., 1984; Gilligan, 1982; Conefrey, 2001). These 

behaviors may become more salient when women are in math and science classes since 

these subjects are stereotypically male domains (Correll, 2001; Riegle-Crumb, Farkas, & 

Muller, 2006; Rigdeway & Correll, 2004).  In contrast, men are taught to have an 

intrinsic sense of self-worth and, when faced with harsh and unpleasant circumstances, to 

stand up and ‘prove themselves’ (Seymour & Hewitt, 1997).  The weed-out culture may 
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seem similar for male and female students, yet Seymour and Hewitt (1997) explain it 

really is not the same,   

By ‘challenging’ everyone in the class to ‘prove’ their manliness by standing up 

to the harshness of their teaching methods, curriculum pace and student 

assessment system in introductory classes, faculty are sending out a meaningless 

message to the female minority.  Faculty are unwittingly discouraging women 

more than men by behavior which is actually the same for both men and women.  

However, women do not know why they are being treated in this way and do not 

know how to respond appropriately (p.261). 

As a result, the authors contend that even women who receive relatively good grades are 

vulnerable to the difficult grading standards found in most PS/E courses.  They find that 

among their sample of high-achieving students, female persisters and non-persisters have 

similar grades, therefore casting doubt about the ability of grades to predict persistence 

for female students as well as they do for males.   

 It may also be the case that grades are more predictive of persistence for women 

than for men.  Females who receive low grades may be extremely likely to leave their 

major, especially compared to males who receive low grades.  One reason may be that 

males are less likely than women to see switching majors as a viable option.  Seymour 

and Hewitt (1997) report men are more committed to their original majors, in part 

because of a “matter of duty to parents, personal responsibility and fulfillment of future 

family obligations” (p. 276).  So while women with low grades have an added incentive 

for switching majors—to avoid the chilly climate—males with low grades have good 

reasons for wanting to remain in the major.  While some research suggests a similar 

relationship would hold among students with high grades, others argue that women with 
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high grades may have high rates of persistence, even relative to males with high grades.  

By virtue of the minority status of women in PS/E and the difficult grading standards, 

women with high grades are unique and, as such, may enjoy particularly great 

opportunities in the workforce (Dowd, 2000).       

A final issue to consider is the potential role that stereotype threat may play in 

shaping the differing effect of grades on persistence.  Stereotype threat is a phenomenon 

that occurs as a result of the distress felt by a highly skilled and invested individual when 

he or she faces the possibility of confirming a negative stereotype about his or her group 

(Ben-Zeev, 2005; Steele & Aronson, 1995).  Women in college PS/E majors may be 

particularly susceptible to stereotype threat.  As discussed in Chapter 2, women who 

enter PS/E majors have demonstrated high levels of academic performance and are 

largely underrepresented among the students intending a PS/E major.  Since stereotypes 

about gender-related aptitudes have historically suggested that women have less ability in 

math and science, stereotype threat posits that when taking a difficult math or science test 

(the type that are common in introductory PS/E classes) highly invested women 

experience situational distress brought on by a fear of fulfilling the negative stereotype 

(Davies & Spencer, 2005).  This added burden hinders intellectual performance.  In a 

field experiment conducted by Good, Aronson, and Harder (2008) with students from a 

large public university taking a high-level calculus course, they found no gender 

differences in performance when students were told a difficult math test was diagnostic 

of their ability. However, when the “threat” was removed by telling the student that no 
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gender differences in outcomes on this test existed, women performed significantly better 

than men on the test.   

Stereotype threat could play a part in women’s lower persistence rates in two 

ways.  First, women may perform lower than expected on class exams leading to lower 

grades relative to males.  These lower grades may in turn be helpful in explaining the 

gender gap in persistence.  Secondly, while stereotype threat can impair performance on 

tests, over time it can prompt individuals to disengage from domains where the stereotype 

is relevant (AAUW, 2010).  McGlone and Pfiester (2007) warn “stereotype threat can 

result in a self-fulfilling prophecy whereby a person comes to resemble his or her 

reputation, living up or down to social expectations” (p. 175). This may lead men and 

women with similar grades to make different persistence decisions.  A low grade for a 

female student puts her at risk of fulfilling the stereotype that women are not as good at 

math and science which may lead to disengagement and eventually switching majors.     

A few research studies have considered this issue lending further insight into 

whether or not we should expect the effect of grades to vary between men and women.  

In a study involving computer science majors from a single university, Katz et al. (2006) 

found that female students are more responsive to their grades.  They reported that 

females who earned below a B were less likely to continue on to the next course than 

were males who earned less than a B.  Ost (2010) also reported that the estimated effect 

of grades on persistence was greater for female PS/E students.  However, not all studies 

have found that women are more sensitive to the grades they receive.  Griffith (2010) 

constructed a ratio of first year STEM GPA to overall GPA and found that it significantly 
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predicted persistence in STEM for both men and women.  She also noted that the 

estimated effect seems to be slightly stronger for male students.  However, in both the 

Ost and Griffith studies, the authors ran separate regression models by gender and did not 

report whether the differences they found between men and women were statistically 

significant.  In contrast, Zavala, using a pooled model and an interaction term between 

gender and GPA, (2011) found that the relationship between GPA and persistence is 

greater for males than for females in his study of students attending three Texas 

universities. 

DATA AND METHODS 

In this chapter I use the same data as in previous chapters of this dissertation: the 

National Education Longitudinal Study of 1988.  Central to my analysis is the use of data 

from the Postsecondary Education Transcript Study (PETS), which allows me to 

construct course-taking and grade histories for each student in my analytic sample.  I 

employ the same sample restrictions used in Chapter 3, however, in this chapter I focus 

exclusively on the gender gap in PS/E and therefore limit my sample to students who 

stated their intention to study in a PS/E major.  Only students who completed at least six 

PS/E credits during their first two years of college are included in the sample.  I made this 

decision to help account for potential bias associated with the possibility that females 

may be more likely than males to switch fields before entering college (Hilton & Lee, 

1988).     
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To explore the role grades play in explaining gender gaps in persistence it is 

important to consider appropriate ways to measure college performance.  In this study, I 

use three conceptualizations of performance, each using student grades from the first two 

years of school.  The first measure is an average of students’ PS/E grades, the second 

measures the proportion of low grades earned in PS/E, and the final measure calculates 

the comparative advantage by taking the difference between the student’s average grades 

in PS/E and non-PS/E courses.   

 I begin the analysis by looking at descriptive statistics for the three measures of 

college performance by gender.  I pay particular attention to differences between male 

and female PS/E students on each measure.  From here I move to a multivariate analysis 

in which my goal is to examine whether gender differences in persistence are explained 

by differences in performance, as measured by my three college performance variables.  I 

use logistic regression analyses comparing the likelihood among PS/E students of earning 

a PS/E degree compared to earning a degree in another field.  This will enable me to 

explore the extent to which differences in college grades contribute to gender gaps in 

persistence.  I begin with a baseline model that includes the key independent variable, 

female, and controls for social origins, family background, and high school preparation.  

Then, in subsequent models I add each measure of performance to see whether these 

measures explain the gaps in persistence observed in model 1.  I also pay attention to 

whether the college performance measures are significantly predictive of persistence for 

PS/E students.  In the final model, I include an interaction between PS/E GPA and gender 
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to explore whether the relationship between GPA and persistence is stronger for female 

students than for male students.   

College Performance 

Table 4.1 shows descriptive statistics for each college performance variable.  

These results are shown in Table 3.2 of Chapter 3 as well, but I include them here to 

emphasize where gender gaps exist.  Beginning with PS/E GPA, there is no significant 

difference between male and female students on this measure of performance.  Contrary 

to the notion that males outperform females in PS/E coursework, we see here that this is 

not the case.  Turning to the results for the proportion of D and F credits earned in PS/E 

courses in relation to the total credits taken in PS/E, we again see that male and female 

students have very similar mean scores on this measure.  Finally, on the comparative 

advantage measure, which expresses the difference between PS/E and non-PS/E GPA, 

female students have a statistically significant greater comparative advantage favoring 

non-PS/E GPA.  Both male and female students perform better in their courses outside of 

PS/E, but the female advantage is about six-tenths of a grade point, while male students 

perform about three-tenths of a grade point better in their non-PS/E courses.   

RESULTS 

The outcome of interest in this study is a dichotomous variable representing either 

students who persist and earn a degree in PS/E, or students who earn a degree in a non-

PS/E field.  In Figure 2.1 of Chapter 2 we saw that male PS/E students persist 52 percent 

of the time compared to 37 percent persistence for female PS/E students, a 15 percentage 
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point gap.  This gap widens to almost 20 percentage points when the sample is limited 

only to those students who earn a degree, since male PS/E students are less likely to earn 

a degree than female PS/E students.  Looking first at the bivariate results we see that 

approximately 61.6 percent of men persist to earn a PS/E degree compared to 41.9 

percent of women.  As I turn to the results for the multinomial logistic regression 

analyses, I consider two questions.  First, I examine the extent to which gender 

differences in college performance are related to the disparities observed in the dependent 

variable.  Second, I consider whether the estimated effect of college performance on 

persistence is the same for female and male students.   

In model 1 of Table 2, which includes controls for social origins, family 

background, and high school preparation, I see that the odds a female PS/E student 

persists compared to switches fields is 0.56 times lower than the odds a male PS/E 

student persists versus switches.  In the three subsequent models, I include each college 

performance measure and then compare the female odds ratio from model 1 with the odds 

ratio for female found in models 2, 3, and 4.  Doing so allows me to assess the extent to 

which gender differences in performance account for the gap in persistence.  In model 2, 

I include the measure for PS/E GPA, which is significantly predictive of persistence.  The 

odds a student persists versus switches fields is 1.9 times greater for each one unit 

increase in PS/E GPA.  Looking to the odds ratio for female, I see that including this 

measure does virtually nothing to change the odds ratio from model 1 to model 2.  The 

difference between the female coefficient from model 1 and model 2 is not statistically 

significant.  Thus, as expected from observing the relatively small gender difference in 
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PS/E GPA, I find that accounting for this difference does not explain the gender disparity 

in persistence.   

In model 3, I replace the measure of average PS/E GPA with the measure for 

proportion of low grades earned.  The odds ratio for low grades is 0.11 and significant 

(p<.001) which tells us that net of social origins, family background, and high school 

preparation, the proportion of low grades is negatively associated with persistence.  

Turning to the odds ratio for female, it is again clear that including the proportion of low 

grades does not help explain the gap in persistence versus switching.  This result was 

expected given that male and female students earn about the same proportion of low 

grades.  However, female students have a significantly greater comparative advantage 

favoring their non-PS/E courses than men, so in model 4 I test whether this difference 

may be more helpful in explaining the gap in persistence.  The odds ratio for the 

comparative advantage measure of persistence is again significant, suggesting that after 

controlling for overall GPA, students who earn better grades in PS/E compared to non-

PS/E are significantly more likely to persist.  In observing how the inclusion of the 

comparative advantage measure changes the female odds ratio from model 1, there is a 

slight movement towards equity in the odds ratio, however, this does not eliminate the 

significant main effect of gender, nor is the odds ratio in model 4 significantly different 

from the odds ratio in model 16.  In sum, all three measures of performance are 

                                                 
6 Some research has suggested that grades are not predictive of performance.  For example, Seymour and 

Hewitt (1997) found that students who leave STEM majors have about the same grades as those who stay.  

However, in their study they limited the sample to students with math SAT scores above 650.  To test 

whether the effect of GPA on persistence varies among the students in my sample across the distribution of 

math SAT score, I re-ran model 2 including an interaction term between math SAT and PS/E GPA.  The 
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significantly predictive of persistence, yet none of these measures is helpful in 

understanding why women persist at lower rates than men. 

 In the final model, I examine whether the estimated effect of average GPA on 

persistence compared to switching is similar for male and female PS/E students by 

including an interaction term between GPA and female.  As shown in model 5 of Table 2, 

the interaction is not statistically significant7.  To help assist in the interpretation of this 

variable, I include in Figure 1 a graph of the predicted probability of persistence for male 

and female students who have an average GPA one standard deviation below the mean, at 

the mean, and one standard deviation above the mean.  The gap between the two lines 

demonstrates that even after controlling for background variables, high school 

preparation, and GPA, men have higher predicted probabilities of persistence.  In 

addition, the gap between the two lines is relatively similar across the distribution of 

GPA which visually represents the non-significant coefficient found for the interaction 

term.  Although it does appear the relationship is slightly greater for men, it is important 

to note that this is not a statistically significant difference.   

CONCLUSION 

 In this chapter I empirically investigate the argument that gender disparities in 

college performance are responsible for the gender gap in PS/E persistence.  I build on 

prior studies by using nationally representative data and by considering three 

                                                                                                                                                 
interaction is not statistically significant suggesting that the effect of GPA on persistence is similar for 

students with high math SAT scores and for those students with lower SAT scores.   
7 In models not shown, I found that neither the ‘interaction between female and proportion of low grades,’ 

nor the ‘female by comparative advantage interaction’ were significant. 
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conceptualizations of college performance.  My results indicate that after controlling for 

differences in social origins, family background, and high school preparation gender 

differences in performance, measured either as average PS/E grades, the proportion of 

low grades, or comparative advantage between PS/E and non-PS/E grades, is not a viable 

explanation for the gender inequality seen in persistence.  Surprisingly there is little 

difference in performance between male and female PS/E students, and what difference 

does exist is not relevant in explaining the gap in persistence.  The importance of these 

results should not be underestimated as stereotypes about women’s lower ability in math 

and science remain commonplace in our society (AAUW, 2010; Chipman, 2005; Steele, 

1997).  The tendency to justify inequality in PS/E as being the result of differences in 

academic performance has the potential of perpetuating gender stereotypes, despite the 

lack of empirical evidence supporting such views.  Continuing to use this rationale to 

explain gender disparities in PS/E has the risk of further disadvantaging women, as ideas 

about their lower abilities in math and science certainly impact their interactions with 

faculty and male peers in college.   

 I also consider the possibility that differences in the estimated effect of GPA on 

persistence by gender is driving the observed gaps in persistence.  I find no evidence that 

men and women persist at different rates across the distribution of college performance.  

In fact, it is surprising to note the similarity that is found between male and female PS/E 

students.  With the exception of female PS/E students having higher grades outside of 

PS/E than male students, men and women are quite similar on all other measures and in 

the relationship between performance and persistence.   



  

110 

 

 If the gender gap is not due to differences in performance, what is another 

possible explanation?  Many suggest that turning to sociological theories may be more 

informative in trying to explain the existence of gender gaps in PS/E.  Many theorists 

criticize the culture and learning environment in PS/E as being oriented toward men, 

thereby creating a chilly climate for female students (Tobias, 1990; Erwin & Maurutto, 

1998; Dowd, 2000).  A key element of this “chilly climate” that may be related to the gap 

in persistence is discrimination against women.       

 Several studies have found that female students in PS/E are more likely to be 

discriminated against than their male peers (Bauer & Green, 1996; Conefrey, 2001; 

Dowd, 2000; Fitzgerald, 1988; Hughes, 2000; Seymour & Hewitt, 1997).  For example, 

Bauer and Green (1996) found that women reported more sexual discrimination from 

faculty, and Hughes (2000) found that female students report significantly less respect 

from instructors and male students.  In another study, Fitzgerald (1988) found that 80 

percent of students believed the attention they received from male advisors was sexually 

motivated and 37 percent of faculty reported having tried to date a student.  In contrast to 

these studies, Strenta et al. (1994) concluded “even among some 300 women who left 

science and commented on the fact, less than 2 percent had any gender-related criticism, 

and none alleged the sort of anti-women treatments that constitute the chilly climate” (p. 

543).  However, this conclusion was drawn from responses to an open-ended question 

asking students to comment on other factors related to their persistence.  Other 

researchers have criticized this method of obtaining potential information about 

discrimination, suggesting that many women do not have the conscious awareness to 
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recognize discrimination, especially when not prompted to do so (Malicky, 2003).  

Sadker and Sadker (1994) described the “syntax of sexism so elusive that most teachers 

and students were completely unaware of its influence” (p. 2).  While discrimination in 

college science classrooms and laboratories may be downplayed, there is overwhelming 

evidence that women’s experiences in the classroom vary from those of their male peers.   

If, as I found here, women and men have similar levels of college performance in 

PS/E and respond in similar ways to their average grades in making decisions about 

persistence, yet women still have lower overall rates of persistence, the different 

experiences that men and women have in college PS/E classes may be responsible for the 

gap.  Perhaps the evidence presented here indicating that female PS/E students are subject 

to discrimination that their male peers are not, may provide some insight to why women 

leave PS/E majors at greater rates.  Although the data used in this study do not allow me 

to test such explanations, future work should continue to explore the extent to which 

“chilly climate” theories are able to account for the gap in persistence.  Future policies 

should be less concerned with gaps in achievement and more concerned with changing 

the environment in which science is done.     
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Table 4.1: Descriptive statistics for measures of college performance: Means and standard deviations 

 

 
 

 

 

 

 

Male Female

College Performance Mean SD Mean SD

PS/E GPA 2.68 (0.79) 2.54 (0.77)

Proportion of Low Grades 0.15 (0.22) 0.17 (0.25)

Comparative Advantage -0.29 (0.57) -0.60 (0.55) ***

Ns (weighted) 375 144

Note:  Means are displayed first, followed by standard deviations in parentheses.  

Significanly different means by gender are marked with astericks * p<.05, ** p<.01, *** p<.001.  

Source: National Education Longitudinal Study 1988:2000
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Table 4.2: Odds ratios from nested logistic models predicting the likelihood of persisting and earning a PS/E degree versus 

switching and earning a degree in another field 

 

 

 

 

 

 

 

 

 

Model 1 Model 2 Model 3 Model 4 Model 5

Independent Variables 

Female 0.45 (0.14) * 0.44 (0.14) * 0.41 (0.13) ** 0.49 (0.15) * 1.23 (1.25)

Background and Preparation

Background and Preparation √ √ √ √ √

College Performance

Within Field GPA 1.90 (0.38) *** 2.09 (0.50) **

Proportion of Low Grades 0.11 (0.07) ***

Overall GPA 1.35 (0.25)

Comparative Advantage 1.94 (0.19) *

Interactions

Within Field GPA by Gender 0.67 (0.24)

Notes:  Significance Levels: * p<.05; ** p<.01; *** p<.001.
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Figure 4.1: Predicted probabilities for persistence versus switching across the distribution of GPA for students intending to 

major in PS/E  
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Chapter 5:  Conclusion 

SUMMARY 

 Although a large body of literature on persistence in STEM exists, there 

nevertheless remain important questions that have gone unanswered.  This dissertation 

was designed to address some of the gaps in the literature by providing a more detailed 

and nuanced look at persistence in higher education.  I build on past research in several 

ways.  First, the most commonly used approach to studying persistence in STEM is to 

compare gaps between STEM and non-STEM students (Astin & Astin, 1993; Chen, 

2009).  Therefore, little is known about persistence patterns within STEM fields or 

between various fields of study.  Secondly, the few studies that disaggregate fields within 

STEM and non-STEM generally measure persistence as earning a degree in any field, 

which makes it difficult to understand the specific role that field of study or within-field 

grades play in degree attainment.  Also, some studies look at persistence as a measure 

between two years of college, for example from sophomore to junior year (Leppel, 2001; 

St. John et al., 2004), masking information about the long-term relationship (i.e., more 

than two years) between field of study and degree attainment.  Finally, because transcript 

information is rarely available in national studies, most studies that examine the role 

grades play in persistence rely on the use of non-nationally representative samples.  

However, in this work I used a unique dataset that has both a nationally representative 

sample and data from students’ college transcripts.   

In Chapter 2, I began by examining the persistence rates for students in PS/E, the 

life sciences, business, the social sciences, education, health, and the humanities.  I found 
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that contrary to popular opinion, students in PS/E do not always persist less than students 

in other fields.  Students in the life sciences, the social sciences, health, and the 

humanities do not persist at higher rates than students in PS/E.  Another interesting result 

from this chapter was that students intending to major in PS/E perform better than or at 

least as well as students in every other field on measures of high school mathematics and 

English course-taking, GPA, and test scores.  Clearly the students who are intending to 

major in PS/E are, on average, the most academically prepared for college.  After 

accounting for this advantage in preparation, as well as for differences in social origins 

and family background, students in business, education, and the humanities are more 

likely to persist within their intended field versus earn a degree in another field compared 

to students in PS/E.         

 Two of the key findings in Chapter 2 were essential in setting up the rest of my 

dissertation.  First, after accounting for differences in social origins, family background, 

and high school preparation I found that students in business, education, and the 

humanities are significantly more likely to persist than students in PS/E.  This result 

drove my analysis in Chapter 3, which examined whether differences in college 

performance between fields are able to explain the gaps in persistence observed here.  

Secondly, I found that the gap in persistence compared to switching fields that exists 

between male and female students in PS/E is statistically significant.  It is this result that 

is the focus of my analysis in Chapter 4, which examines whether and how differences in 

college performance may explain the gender gap in persistence among PS/E students.   
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 In Chapter 3, I considered the role college performance plays in explaining 

disparities in within-field persistence to degree between fields of study.  PS/E students, 

who are the most academically prepared for college, surprisingly, do not earn the best 

average within-field grades.  In fact, their within-field grades are lower than those found 

among students in business, the social sciences, education, and the humanities.  Using a 

logistic regression analysis predicting the odds of persisting to degree within intended 

field of study versus earning a degree in another field, I found that differences in grades 

between fields explains some of the advantage found among students in business, 

education, and the humanities.  I also found that this is the case whether performance is 

measured as within-field GPA, the overall proportion of low grades, or the difference 

between within-field and outside-of-field GPA.  Therefore, we would expect that if 

students in PS/E earned similar grades to students in education, business, and the 

humanities, the gap in persistence would shrink.  In fact, a counterfactual analysis 

showed that if students in PS/E had the distribution of within-field GPAs found among 

students in other majors, an additional five percent of PS/E students would persist.   

Furthermore, I found evidence that average grades are not related to persistence in 

the same way for PS/E students as for students in other fields.  While it is the case that as 

average grades increase so does the likelihood of persisting compared to switching for 

students in all fields, this relationship is stronger for students in PS/E than for students in 

the life sciences, business, the social sciences, health, and the humanities.  The stronger 

estimated effect for students in PS/E suggests that these students are responding more to 
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the grades they receive.  That is, for students in PS/E more so than for students in other 

fields, low grades lead to switching and high grades lead to persisting.     

 In the last analytic chapter, I examined whether accounting for gender differences 

in academic performance explains the gender gap in PS/E persistence, net of social 

origins, family background, and high school preparation.  I found that gender differences 

in performance, measured either as average PS/E grades, proportion of low grades, or the 

difference between PS/E and non-PS/E grades, is not a viable explanation for the gender 

inequality seen in persistence.  Furthermore, there is no evidence that men and women 

persist at different rates across the distribution of college performance.  Before moving 

on to discuss the significance of these results and opportunities for future work it is 

important to note the limitations of this study. 

LIMITATIONS 

 As with all research, this study has several limitations.  The first is related to 

measuring within field of study persistence.  Essential to my definition of persistence was 

capturing the students intended field of study.  Ideally students would be surveyed as they 

walk onto campus for their freshman year of school and state what field of study they 

plan to pursue while in college.  Unfortunately, such data are not available with NELS so 

I needed to rely on a question asked several months before students began college.  The 

time delay between answering the question and entering college allows for the possibility 

that students changed their minds before ever stepping foot on a college campus.  It is 

possible they never truly pursued a degree in their intended field of study.  I tried to 

account for this by limiting my sample to students who attempted at least six credits in 
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their intended field of study during the first two years of college, but this nevertheless 

remains a limitation of the study.  

 A second limitation to this research is not having the ability to further break down 

field of study into more detailed groupings.  For example, within PS/E there are clear 

subgroups of majors in engineering, physical science, chemistry, mathematics, and 

computer science.  Unfortunately, splitting PS/E into further subgroups was not possible 

in this work due to concerns about sample size and power, but I recognize that important 

differences may exist between majors within PS/E.  Most notably, engineering majors 

tend to have particularly stringent entrance requirements and GPA thresholds, which are 

not as common in other PS/E subfields.  Thus, future work should consider each subfield 

separately.      

 Finally, although NELS includes detailed survey data about the high school years, 

the data available about the college years are extremely limited.  For this reason, I was 

unable to test additional hypotheses or account for possible confounding variables that 

may have contributed to differences observed during the college years.  For example, past 

work has documented that female PS/E students are discriminated against more often 

than male PS/E students (Conefrey, 2001).  Due to the limitations of the data I was 

unable to assess whether discrimination may play a role in the lower persistence rates 

observed among female PS/E students.   

“GENDER DIFFERENCE” 

 An important element of this dissertation was exploring whether gender 

differences in academic performance explain why women intending to major in PS/E are 
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more likely to earn a degree in a non-PS/E major compared to a PS/E major.  Such an 

approach has been criticized for focusing too much attention on trying to find a “cause” 

for the gap in persistence instead of focusing on eliminating the gap itself (Campbell, 

1995; Lawler, 2005; Wiliam, 2003).  In looking for an explanation for the gap in 

persistence, Campbell (1995) argues researchers are at risk of reinforcing “the girl 

problem.”  She suggests that too often research focuses on changing girls; that is, girls 

have been encouraged to use math and science, to like math and science, and to become 

the kinds of learners who do well in math and science, instead of focusing on changing 

the environment in which math and science are done.  A major finding in this dissertation 

is the similarity between male and female college students, particularly with respect to 

academic performance.  It is clear, that if there is a “problem” with the females in this 

study, it is not related to gender differences in academic performance, at least to the 

extent I have measured performance in this dissertation.      

 Several results from my dissertation detail this similarity.  In Chapter 3, the 

results showed that male and female students were quite similar on the three college 

performance measures within and across field of study.  In addition, we saw that the 

ability of performance to predict persistence is similar for men and women and the 

association between performance and persistence is also similar for men and women.  In 

Chapter 4, there was additional evidence demonstrating the similarity between men and 

women when I looked within PS/E majors.  Only very small, non-significant differences 

between within-PS/E GPA and the proportion of low grades exist, and these small gaps 

are unrelated to the overall gap in persistence.  The only significant difference was on the 
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comparative advantage measure, where women have a greater difference favoring their 

non-PS/E GPA.  However, this difference was not successful in explaining the gap in 

persistence.  Lastly, the relationship between performance and persistence was similar for 

men and women across the distribution of performance.     

 So while research tends to focus attention on gender differences, my results show 

that with regard to college performance there are very few gender differences and those 

that do exist are not meaningful in explaining gaps in persistence.  Borrowing from Janet 

Hyde (2005), it seems the gender similarities hypothesis is relevant here.  She argues that 

males and females are similar on most, but not all, psychological variables including 

cognitive skills.  This hypothesis is supported by extensive reviews of the literature yet is 

rarely emphasized.  Using effect size as a measuring stick, in a review of over 40 meta-

analyses of gender differences, Hyde (1996, 2005) concludes that with the exception of 

motor skills and sexuality, gender differences are small to moderate on all psychological 

factors.  My results also reinforce the similarities between men and women.  By 

continuing to focus on the differences between men and women, especially when 

evidence is mounting that differences are not meaningful in explaining gender gaps in 

PS/E, we risk driving more women out of PS/E.  Hyde and Linn (2006) warn: “A cultural 

overemphasis on gender differences may mask critical predictive variables and lead to 

decision-making that is empirically unsupported” (p. 600).  Instead of focusing on gender 

differences, in particular those related to academic performance, attention should be 

focused on other factors that impact inequality in PS/E (Campbell, 2005; William, 2003). 
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While the data in NELS is well-suited to explore individual factors and how they 

are related to persistence, future research should use nationally representative data to 

explore contextual effects.  Looking at factors at the college level, such as climate, 

gender composition, and faculty/student interactions may be more helpful in explaining 

the gender gap in persistence than looking at differences in academic performance.  Or it 

may be the case that examining factors within PS/E will provide little in the way of 

answers, whereas looking more broadly at cultural norms and social structures that work 

to establish gender-appropriate behavior, including norms that dictate what majors and 

occupations are acceptable for males and females will be more helpful.  Conceivably, 

eliminating inequality may not simply require a change in the environment within PS/E, 

but instead may require a more global approach designed to generate broad changes 

related to cultural norms and social structures.    

FUTURE RESEARCH AND THE UNIQUENESS OF PS/E  

Past research has examined the culture found in many introductory PS/E courses, 

convincingly asserting that the terms weed-out and gatekeeper do appropriately describe 

such courses (Seymour & Hewitt, 1997; Tobias, 1990).  These terms highlight a process 

occurring within introductory courses whereby high achieving students are encouraged to 

move on to further study and low achieving students are encouraged to leave the field 

(Kulick & Wright, 2008).  In my dissertation, I completed a rigorous empirical analysis 

comparing students in PS/E with students in other fields of study and found evidence 

supporting the existence of such a process.  Most notably, I found the association 

between within-field GPA and persistence is stronger for students in PS/E than for 
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students in the life sciences, business, education, health, and the humanities.  This 

suggests that students in PS/E, relative to students in other fields, are more likely to 

switch fields when having low grades and more likely to remain in PS/E when having 

high grades.     

In an attempt to further understand the difference in knowledge between students 

in PS/E who earn high and low grades, future research should explore whether the grades 

assigned in introductory PS/E courses reflect students’ scientific knowledge (particularly 

that knowledge that is determined as needed to successfully contribute to the scientific 

workforce).  Kulick and Wright (2008) warn that as the level of preparation among 

students in a class increases so does the role that luck plays in determining test scores.  A 

qualitative study that examines the knowledge acquisition between students in the same 

course with low and high grades would be helpful in assessing the extent to which 

differences in grades between students reflect true differences in knowledge and skills.  

Such research would require a detailed design of how to assess student knowledge that is 

closely aligned to the learning objectives for the class and can be measured consistently 

and fairly across students.  Understanding the qualitative differences in knowledge and 

skills between students with various grades is necessary to further understand the 

implications of the grading norms used within introductory PS/E courses.         

 Future research should continue to examine how PS/E fields fit within the broader 

structure of college rather than focusing on such fields in isolation.  For example, an 

examination into the relationship between beliefs about grading among faculty in 

different fields and the average grades assigned in the field is warranted.  A survey of 
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college faculty could be constructed to explore differences in beliefs about the purpose of 

assigning grades (including views about norm-referenced versus criterion-referenced 

grading policies).  Professors that believe in a norm-referenced approach to grading 

would be more likely to rate one students performance relative to another students, thus 

questions about grading on a “curve”, assigning a certain percentage of A, B, C, D, and F 

grades, or limiting the amount of high grades awarded should be helpful in identifying 

faculty with norm-referenced beliefs.  In contrast, professors with criterion-referenced 

beliefs often rate students versus a pre-determined standard.  Therefore, possible 

questions identifying professors with criterion-referenced beliefs may include: grades 

should reflect the mastery of objectives or assigning a high percentage of A’s in a class is 

acceptable.     

This survey can subsequently be used to identify patterns in faculty beliefs by 

field of study, but also by gender, race/ethnicity, selectivity of institution, among other 

possibilities.  To the extent that differences in average grades assigned between fields are 

related to differences in faculty beliefs about grading, policies and guidelines can be 

implemented to create more uniform grading practices across field of study.  Doing so 

may minimize the role that field of study plays in predicting persistence rates.   

Lastly, it is important to emphasize that while improving persistence rates in PS/E 

is worthwhile, the goal should not be to have every student who begins college in a PS/E 

major, earn a PS/E degree.  Switching majors is an appropriate part of college life and 

students should be encouraged to follow their interests and strengths.  Ideally switching 

would be a reflection of personal interests and strengths, and not the result of differences 
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between fields that are unrelated to these two factors.  When the experiences from field to 

field are different, such that students who want to study in a certain field and are qualified 

to do so, switch because of external factors related to the environment in one field 

compared to another, both the student and the field are weakened.  Attempts to minimize 

unnecessary switching from field to field should be pursued as much as possible.  The 

physical sciences/engineering, in particular, could benefit from instituting changes that 

promote persistence among interested and qualified students.      
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Appendix A:  Field of Study Codes 

 

Construction of Dependent Variable: Persistence within Field of Study 

 

Intended Field of Study 

 

F2S62 is the NELS variable indicating respondents’ intended field of study collected from the 

1992 survey.  The possible categories for intended major are divided into seven mutually 

exclusive categories for the analyses in this study: the physical sciences/engineering, the life 

sciences, business, the social sciences, education, health, and the humanities. 

 

Table A.1: Categories for intended field of study (F2S62) 

 

  
Physical 

Science/Engineering     
Education 

7 Computer Sciences   8 Education 

9 Engineering       

16 Mathematics      Health 

19 Physical Sciences   13 Health Occupations 

          

  Life Sciences     Humanities 

1 Agriculture   3 Art 

4 Biological Sciences   6 Communications 

      10 English 

  Business   12 Foreign Languages 

1 Agriculture   17 Music 

4 Biological Sciences   18 Philosophy/Religion 

          

  Social Sciences       

11 Ethnic Studies       

21 Psychology       

22 Social Sciences       
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Degree Categories 

 

F4EMJ1D is the NELS variable indicating respondents’ field of major for the first bachelor’s 

degree earned.  The possible categories for field of study were divided into seven mutually 

exclusive categories for the analyses in this study: the physical sciences/engineering, the life 

sciences, business, the social sciences, education, health, and the humanities.     

 

Table A.2: Categories for degree attainment (F4EMJ1D) 

 

  Physical Science/Engineering     
Education 

110 Computer programming   130 Early childhood education 

112 Computer/inform science   131 Elementary education 

140 Electrical engineering   132 Secondary education 

141 Chemical engineering   133 Special education 

142 Civil engineering   134 Physical education 

143 Mechanical engineering   135 Educaiton: other 

144 Engineering: all others       

150 Engineering technologies     Health 

270 Statistics   170 Dental/Medical technician 

271 Mathematics   171 Community/Mental health 

400 Chemistry   172 Health/PhysEd/recreation 

401 Earth science   173 Nurse assisting 

402 Physics   174 Allied health: general  

403 Physical Science   180 Audiology 

      181 Clinical health science 

  Life Sciences   182 Dentistry 

10 Agriculture   183 Medicine 

20 Agricultural science   184 Veterinary medicine 

30 Natural resources   185 Nursing 

31 Forestry   186 Health/hospital admin. 

260 Zoology   187 Public health 

261 Botany   188 Health science/professions 

262 Biochem\biophysics       

263 Biological science       

302 Biopsychology       
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  Business     Humanities 

60 Accounting    90 Journalism 

61 Finance   91 Communications 

62 Business/Man. systems   100 Communications tech.  

63 Management/Bus. Admin   160 Spanish 

71 Business support   161 Foreign lang: non-European 

80 Marketing/distribution   162 Foreign language: other 

      230 English/American literature 

  Social Sciences   231 Writing: creative/technology 

450 Anthropology/archaeology   232 Letters: other 

451 Economics   453 History 

452 Geography   380 Philosophy  

454 Sociology   381 Religious studies  

455 Political science   390 Clinic pastoral care 

456 International relations   241 Liberal studies 

457 City planning   500 Design 

50 American civilization   501 Speech/Drama 

51 Area studies   502 Film arts 

52 African-American studies   503 Music 

53 Other ethnic studies   504 Art history/fine art 

300 Women's studies   505 Fine and performing arts 

420 Psychology       
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Appendix B: Course Subject Codes 

   

Construction of Within-Field of Study Average Grade Variables 

 

CRSAGGRT takes the 1,177 categories of CRSECODE and aggregates them to 112.  The 112 

categories describe the subject for each course completed.  These 112 possible categories were 

divided into seven mutually exclusive categories for the analyses in this study: the physical 

sciences/engineering, the life sciences, business, the social sciences, education, health, and the 

humanities.     

 

Table B.1: Categories for degree attainment (F4EMJ1D) 

 

  Physical Sciences/Engineering     Education 

17 Computer programming   27 Special education 

30 Electrical/computer engin.   28 Teacher education subjects 

31 Mechanical engineering   29 Education: other 

32 Engineering: other       

63 Calculus and advanced math     Health 

64 Statistics (math)   39 Medical therapies 

75 Chemistry   40 Health services: other 

76 Geology and earth science   41 Nutrition 

77 Physics   42 Speech pathology/ audiology 

78 Other physical sciences   43 Clinical health science 

      44 Medicine and dentistry 

  Life Sciences   45 Nursing 

3 Agricultural sciences   46 Other health professions 

4 Env. and natural resources       

5 Forestry       

57 General biology       

59 Biology service courses       

60 Biological sciences: other       
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  Business     Humanities 

10 Accounting   52 Classical studies 

11 Finance, insurance, real estate   53 Composition and writing 

12 Marketing   54 Linguistics and lang study 

13 Business info tech and quan    55 Literature/letters 

14 Business and management   56 Liberal arts 

      71 Ethics  

  Social Science   72 Bible study 

8 Area studies   73 Theology 

9 Ethnic/cultural studies   74 Philosophy / religious studies 

67 Women's/gender studies   90 Western civ/world history 

79 Social and economic statistics    91 History: other 

80 General psychology   103 Art history 

81 Psychology: other   104 Fine arts 

85 Interdisciplinary social science   105 Theater and dance 

86 Anthropology, archaeology   106 Film arts  

87 Introductory economics   107 Music performance 

88 Economics: other   108 Music: other 

89 Geography       

92 International relations       

93 U.S./state government       

94 Political science: other       

95 Introduction to sociology       

96 Sociology: other       
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Appendix C: Propensity Score Analyses 

In order to help ensure that variations in persistence rates found among students in 

different fields of study are not due to bias associated with potential confounding factors I 

complete a propensity score analysis.  Using a technique similar to one used by Crosnoe 

(2005), I predict the propensity for an individual to enter one field of study (say, life 

science) rather than PS/E.  To begin with, I used a logistic regression to estimate the 

propensity of intending a life science major compared to intending a PS/E major.  A list 

of the covariates used in this regression is included at the end of this section.  The 

propensity scores or predicted probabilities generated from the logistic regression are 

used to measure characteristics of students who enter the life sciences and PS/E.   

These propensity scores are then used to match students from the life sciences 

with similar students in PS/E.  By similar, I mean students with similar propensity scores, 

or said another way, those who are similar on the list of covariates used in the logistic 

regression.  Several methods can be used to match students from the two groups.  In this 

case I used the kernel matching procedure available in Stata 12 (Becker & Ichino, 2002).  

This procedure uses a one-to-many matching approach in which students in the treatment 

group, those intending PS/E, are matched with a weighted average of all students in the 

control group.  The weight is calculated by the distance between a treatment case and all 

control cases, with the closest control cases being given the highest weight (Smith & 

Todd, 2005).  In order to minimize bias, matched cases must be similar on the covariates 

used to create the propensity score.  When using the pscore command in Stata 12, 

balance is evaluated (Becker & Ichino, 2002).  In this case all covariates in the eight 
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blocks were balanced.  Next the matched groups were used to predict the average 

treatment effect for the treated (ATT) on the outcome, within-field persistence compared 

to non within-field persistence.  I used the Epanechnikov kernel, a bandwidth of 0.01, and 

bootstrap techniques to obtain standard errors.  I found the difference between students 

entering the life sciences and students entering PS/E of persisting within field versus 

switching fields was not statistically significant.  The result found in the logistic 

regression analyses (shown in Table 2.4) was also non-significant.  More specifically, 

when using the propensity scores, I find that students in the life sciences have a predicted 

probability of persistence of .530, while students in PS/E have a predicted probability of 

persistence of .529.   

I follow a similar procedure as that described above to complete additional 

analyses for students intending to major in business, the social sciences, education, 

health, and the humanities, compared to students intending to major in PS/E.  To aid in 

the comparison between these results and those from the logistic regression in Table 2.4, 

I converted the results from the propensity score analyses into odds ratios.  For example, 

to find the odds ratio between students in the life sciences and PS/E, I calculated the odds 

that a student intending to major in the life sciences persists compares to switches fields 

over the same odds for a student intending to major in PS/E with the following 

expression: (0.530/(1 – 0.530)) / (0.529/(1 – 0.529)) = 1.001.  These results indicate that 

after accounting for differences between students entering the life sciences and PS/E on 

the covariates included in this propensity score analyses, the odds that a student in the life 

sciences persists compares to switches is about equal to the odds a PS/E student persists 
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compares to switches.  The results for both the logistic regression and propensity score 

analyses are shown at the end of Appendix C. 

In general, the magnitude of the odds ratio and the level of statistical significance 

in the propensity score analyses were similar to those from the logistic regression 

analyses.  Among students in business, education, and the humanities the odds ratios are 

slightly larger in the propensity score results, suggesting that I may be under estimating 

the size of the difference in persistence rates.  In addition, I note that the odds ratio 

comparing students in health to students in PS/E was larger and significant in the 

propensity score analyses.  For the life sciences and the social sciences, there are no 

significant differences in persistence from either analysis.   

 

Table C.1: Results from the logistic regression and propensity score analyses predicting 

the likelihood of persisting within field of study compared to earning a degree in another 

field 

 
 
 
 

Logistic Regression Results Propensity Score Results

Odds 

Ratio

Std.      

Error
Significance

Odds 

Ratio

Std.      

Error
Significance

Life Science 1.17 (0.29) 1.00 (0.29)

Business 3.62 (0.91) *** 5.77 (0.91) ***

Social Science 0.62 (0.18) 1.16 (0.18)

Education 4.58 (1.56) *** 8.70 (1.56) ***

Health 1.13 (0.34) 2.93 (0.34) ***

Humanities 1.68 (0.38) * 2.28 (0.38) ***
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Table C.2: Descriptions of variables used to make propensity scores

Variable Description

byfcomp Family composition

byincome Family income

bys17 Spoke any language besides Enlgish before going to school

egpa English GPA from high school transcript

f12xmirr Standardized sophomore year math test score

f12xrirr Standardized sophomore year reading test score

f1c11b % of 10th graders in college preparatory program

f1c29 % of 10th graders language minority

f1c30a % of 10th graders receiving free or reduced-price lunch

f1c93d Teachers press students to achieve

f1c93g Student morale is high

f1s18b Students' educational expectation after high school

f1s46a Importance of being successful in line of work

f1s46c Importance of having lots of money

f2s33l Sports participation

family Importance of starting a family

fexp Father's expectation for student after high school

hieseq Highest english course from high school transcript

himseq Highest math course from high school transcript

hsgpa Students overall high school GPA

mconf Sutdent confidence in mathematics

mexp Mother's expectation for student after high school

mgpa Math GPA from high school transcript

msat Math SAT scores

pardis Student discussed school events with his/her parents

pared Parents highest level of education

parinv Parents were involved in events at school

public Whether the school is public or private

rural Urbanicity of high school attended

urban Urbanicity of high school attended

vsat Verbal SAT scores
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