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Abstract 
 
Weaker retention of women in quantitatively oriented fields, particularly STEM* is widely seen 
in US higher education. This persistence gap is often explained by less generous grading in 
these fields and the conjectured tendency of female students to generally exhibit stronger 
“sensitivity” to grades. We examine student persistence in a wide spectrum of academic fields 
using a rich Indiana University Learning Analytics dataset. We find that the phenomenon of 
women’s relatively lower persistence in STEM in response to lower grades does not universally 
extend to other disciplines. Further, a stronger response, in terms of attrition, to grades received 
is not a gender-specific characteristic but more likely to reflect gender differences in the 
underlying field preferences. In other words, it is a weaker preference for a field of study that is 
likely to make students more responsive to grades received in it, rather than the other way 
around as is commonly suggested. 
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1. Introduction 

Weaker retention of women in quantitatively oriented fields, particularly STEM, is widely seen 
in US higher education. This persistence gap is often explained in the literature by less generous 
grading in these fields and the conjectured tendency of female students to generally exhibit 
stronger “sensitivity” toward grades. An alternative line of reasoning, which especially draws on 
the variation across disciplines in the magnitude of college premium, invokes gender differences 
in preferences for fields of study, including for pecuniary and non-pecuniary attributes of careers 
to which they lead.3 In this paper, we take a holistic approach to these competing explanations 
and demonstrate that differential responsiveness to grades can itself follow from differences in 
tastes for fields. If so, gender gaps in responsiveness to grades should vary in magnitude and 
even in sign across fields, a potentially testable prediction. We examine student persistence in a 
wide spectrum of disciplines using a rich Indiana University Learning Analytics dataset. We find 
that the phenomenon of women’s relatively lower persistence in STEM in response to lower 
grades indeed does not universally extend to other disciplines such as Business and Economics 
(BE) and Social Sciences and Humanities (SSH). Furthermore, the analysis of cross-disciplinary 
choices allows us to decompose the gender gap in persistence according to the taste for a field of 
study and the taste for grades received in it as factors in students’ persistence decisions. This 
allows us to argue that it is a weaker preference for a field of study, such as STEM, that is likely 
to make a student more responsive to grades received there, rather than the other way around.  

The facts of substantial gender differences in student choices of academic disciplines are well 
known. The significant underrepresentation of women in STEM and Business, and their 
overrepresentation in the Social Sciences (excluding Economics) and Humanities (SSH) and in 
Education are the most salient among them (see for instance, Gemici and Wiswall, 2014).4  In 
addition to lower propensity to enroll in STEM and other quantitatively oriented majors, 
women’s higher rates of attrition from such majors (e.g., Chen and Soldner, NCES, 2013) 
exacerbate the imbalances in the gender breakdowns of degrees awarded in academic disciplines.  

Given the differences in college premia across fields, with STEM leading in lucrativity, gender 
imbalances described above have obvious implications for the gap in career earnings of college-
educated men and women. Among potential explanations for the gender gap in the pursuit of 
lucrative fields in college, some authors, e.g., Montmarquette et al. (2002), Zafar (2013), Altonji 
et al. (2015), Rendall and Rendall (2014), raise the conjecture that women and men tend to attach 
different levels of importance to pecuniary and non-pecuniary benefits associated with future 
occupations, whereby women place relatively lower weight on the former than do men, and 

 
3 According to the recent data, the choice of college major is becoming a stronger determinant of the variation in 
career earnings than the choice between going to college or not (see James, 2012, Hershbein and Kearney, 2014).  
4 The former is all the more prominent given that women increasingly overtake men in the overall college 
enrollments, as well documented by Goldin et al. (2006), the phenomenon which a recent literature attempts to 
explain by differences in gender-specific college premia (Becker et al., 2010, Ashworth and Ransom, 2019). 
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higher weight on the latter.5 Speaking more broadly, this line of reasoning points to systematic 
gender differences in tastes for fields of study. We thus term these explanations for gender gaps 
in academic field choice and persistence as field taste-centered.   

There is also a growing literature (e.g., Montmarquette et al., 2002 and Stinebrickner and 
Stinebrickner, 2014) examining the effects of students’ expected and actual grade performance in 
courses on their decisions whether to enroll and persist in the corresponding disciplines.  
Arcidiacono (2004), who examines a broad cross-section of disciplines, finds that although 
expectation of a lucrative career is a significant factor in student choices of a major, poor 
performance causes one to switch to a less lucrative discipline. This implies a trade-off between 
relatively high expected future wages associated with a discipline and the grades earned there.6 It 
is indeed well recognized (see, e.g., Aachen and Courant, 2009) that grades vary strongly across 
disciplines (lower in STEM, higher in Humanities and Social Sciences, save for Economics) and 
that this does have an effect on student choices of majors.7 The observed gap in favor of men in 
disciplines which tend to assign lower grades and a similar gap in favor of women in fields that 
tend to grade more generously lead a substantial literature to conjecture that women are 
characterized by relatively stronger aversion to low grades per se as a behavioral attribute. For 
instance, Rask and Tiefenthaler (2008) find strong evidence for such gender gap in “grade 
sensitivity” in students’ decisions whether to persist in their study of Economics, while Ost 
(2010) suggests a similar conclusion when it comes to Physics.8 Chen and Soldner (2013), who 
use NCES survey data, argue that women and minorities exhibit aversion to an excessively 
“competitive climate” in STEM – an increasingly common suggestion in the literature (see 
Niederle and Vesterlund, 2010).  Ahn et al. (2019) affirm it through their estimation of a 
structural model of students’ decisions to enroll in classes and grading policies of the faculty, 
which result, in equilibrium, in comparatively higher study times and lower grades in STEM, the 

 
5 These empirically observed gender differences may in turn be traced back to economic incentives based on 
continued, albeit diminished, gender differences in marriage and family role expectations and norms – see, e.g., a 
recent survey by Blau and Kahn (2017). 
6 In a similar vein, Rask (2010) and Stinebrickner and Stinebrickner (2014) further study the effects of grade 
performance on persistence in STEM majors and affirm the existence of such trade-off. 
7 The overall trade-off across the fields of study between expected future wage earnings associated with a discipline 
and its grade standards (and accordingly, the required study effort) can be well understood in the context of labor 
market equilibrium. Indeed, higher expected returns of an occupation are potentially balanced out, for a marginal 
candidate, by the higher effort cost of qualifying for it in such equilibrium. 
8 Feng et al. (2018), who, like we, use Indiana University data, document stronger responsiveness of women to 
grades received in STEM classes (particularly in relation to grades earned in other disciplines) in terms of decisions 
against persisting in STEM. Kugler et al. (2017) advance a richer behavioral model of gender differences in 
choosing a major. Similarly to Ost (2010) who focused specifically on sciences, they conjecture that when women 
and men assess their fit and the likelihood of success in their initial major, they update their beliefs regarding their 
abilities based on, in addition to grades received, also on the observed demographics of the major, such as it being 
male- or female-dominated. Being in the majority gender can make a student more optimistic about one’s ability, 
and otherwise more pessimistic. They then test the predictions of this model and conclude that it takes multiple 
signals of the lack of fit into the major, not limited to grade performance, to make women switch more than men. 
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latter being responsible for the relative under-enrollment of women. We shall therefore term 
these explanations of gender differences in the choice of and persistence in college majors grade 
sensitivity-centered.  

To sum up, two main lines of economics reasoning offer competing explanations for gender gaps 
in students’ decisions to enroll and persist in college disciplines. Much of the literature advances 
an explanation rooted in unconditional gender differences in student responsiveness to grades 
with conjectured women’s generally (i.e., exhibited across all disciplines) stronger sensitivity to 
weak grade performance. The second line of reasoning, which we termed field taste-centered, is 
based on evidence of systematic gender differences in preferences for fields of study, including 
their academic content as well as pecuniary and non-pecuniary benefits associated with future 
careers. This explanation does not require postulating that there are general, not field-dependent 
gender differences in sensitivity to grades. For example, since more lucrative college majors do 
tend to assign relatively lower grades, the individuals who place relatively less weight on 
preference for the lucrativity of future careers, will be less inclined, ceteris paribus, to accept the 
lower grades and higher effort downsides of such choices. It then follows that if women attach 
relatively less importance to future career income than men, then they will be relatively more 
averse endogenously to accept poor grades in these majors, compared to male counterparts. 
Likewise, if hypothetically, men tend to have stronger “taste” for engineering disciplines than 
women, they would be relatively more tolerant of grades received there, even if their direct 
“psychological” dislike of bad grades were identical to women’s. A potentially testable 
implication of this conjecture is that if women are found to have stronger taste for humanities, 
they should show relatively stronger (endogenous) tolerance for grades received there, other 
things equal, than their male counterparts. This reasoning is attractive in its consistency with 
economic analyses of individual choices in broader contexts. For instance, a consumer with a 
stronger taste for a particular product, such as ice-cream of a certain flavor, will exhibit relatively 
weaker “sensitivity” to its price compared to otherwise similar consumer who is less drawn to 
this flavor in favor of another.   

The present paper focuses specifically on gender differences in persistence in academic 
disciplines. It is the first, to our knowledge, to examine the gender gap in student responses to 
grades, in terms of persistence in an initially chosen academic field, across the entire spectrum of 
academic disciplines. We are able to do so by using a comprehensive Indiana University-
Bloomington Learning Analytics dataset. It gives us an opportunity to investigate whether the 
relatively stronger overall responsiveness to grades women exhibit in STEM is sustained in other 
academic disciplines such as Business/Economics (BE) and Social Sciences and Humanities 
(SSH).  Furthermore, the analysis of cross-disciplinary choices allows us to decompose the 
gender gap in persistence according to the field taste-driven and grade sensitivity-driven factors. 
In other words, we are able to estimate the relative weights of taste for a field of study and of 
direct grade-sensitivity (the taste for grades) as factors in students’ persistence decisions, which 
is the main goal of this paper.  
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The data also allow us a more detailed examination of discipline-switching patterns of non-
persisting students, particularly to differentiate student migrations from an initial academic 
category, e.g., STEM, with respect to potential destination categories, such as BE, SSH, etc., 
depending on the grades students receive from their performance in the classes taken in these 
alternative (destination) academic categories. This comprehensive characterization of student 
persistence and migrations throughout the entire spectrum of academic categories available at the 
university is novel and offers a broader outlook on gender differences in these decisions and the 
effects of grade performance on them.   

Our empirical analysis further reveals that direct “grade sensitivity” of a student is not a gender-
specific behavioral attribute per se, contrary to some of the theories cited above, but that gender 
differences in it vary across disciplines and interact with tastes for the academic fields. For 
instance, we find that although women tend to exhibit stronger overall responsiveness to grades 
than men in their patterns of migration out of STEM, this is due to men’s stronger taste for it, 
whereas women are in fact less directly “sensitive” to grades in STEM than are men. In contrast, 
we find that direct grade-sensitivity is similar for men and women in BE, and stronger among 
women in other professional schools (OP).  Overall, our results support our thesis that 
responsiveness to grades in academic persistence decisions predominantly reflect students’ taste-
driven attachments to academic disciplines, akin to the obvious fact that consumers’ 
responsiveness to prices depends on their preferential attachment to the corresponding products. 
In other words, we find that it is the underlying weaker preferential attachment to a field that 
tends to make students more responsive to grades received in it, not the other way around.  

We also offer a theoretical framework for such reasoning. We present a utilitarian model of 
students’ decision-making about selecting a field of study. Students differ in ability (pre-college 
preparation) as well as in the weights they attach to their utility of discipline-specific human 
capital, disutility of study effort required for attaining it, and psychic benefits of higher grades in 
the discipline. We distinguish between academically more demanding and less demanding 
majors, in terms of the effort it takes to attain a certain grade, controlling for student ability. We 
then show that the sub-population of students who have relatively stronger taste for a more 
demanding major will bias their self-sorting toward it. In other words, this group will be 
characterized by relatively lower average ability and lower grades in the demanding major 
compared to the group of students who choose this major while placing relatively lower utility 
weight on human capital attainment in it. In fact, the consequence of such self-sorting across 
majors is that the average ability and grades of the former group will be lower within each major 
(the more and the less demanding ones). By the same token, the group of students who place less 
weight on the utility of human capital attainment in a more demanding major will exhibit 
“stronger” self-sorting across majors by ability, resulting in their higher average ability in each 
major.9 We further apply the model to the analysis of student decisions whether to persist in an 

 
9 Assuming (as we’ll indeed find) that women do tend to place lower weight on the benefits STEM majors, which 
tend to be more demanding as reflected in grading standards, the above result predicts that women should exhibit 
stronger sorting along the ability dimension across STEM and non-STEM majors alike, than men would. This 
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initially chosen major based, in the spirit of Manski (1989), on the assumption that students 
make their initial choices of majors with imprecise knowledge of their ability, which is then 
updated according to the grades received. Specifically, according to the model, a low grade a 
student receives in an early stage of studies in an initially chosen major will signal an 
accordingly low ability level and, if the grade falls below a certain cutoff, will compel the 
student to switch to an alternative major rather than persist. Our model shows that the threshold 
grade level in question is in inverse relation with the weight a student places on the taste for 
human capital acquired in the initial major. This result helps provide an interpretation of the 
paper’s empirical findings, consistently with the premise that women and men differ in their 
tastes for academic disciplines. Specifically, our model predicts that in a field for which men 
exhibit stronger taste than women, the threshold grade for deciding to switch out of it will tend to 
be higher for women than for men. This is aligned with our empirical results and thus renders 
their plausible explanation.  

The paper is structured as follows: Section 2 describes the data used in our empirical analysis, 
Section 3 outlines the econometric model, Section 4 states the results, and Section 5 presents 
robustness checks for them. Section 6 presents a theoretical model of student decisions about 
selecting and/or persisting in a field of study and argues that it provides a compelling 
interpretation for the paper’s empirical results. Section 7 concludes. Appendix 1 contains the list 
of academic units in each academic category and descriptive statistics for the data. Appendix 2 
presents proofs of the key results of Section 6. 

2. The Data 

The data used in this paper comes from Indiana University’s Learning Analytics dataset, which 
contains detailed information for every undergraduate student enrolled at IU from Fall 2006 up 
through Spring 2017. It contains demographic information for each student and records his/her 
semester-by-semester academic activity such as every class taken and grade received there, as 
well as all majors declared during the student’s time at IU.  

We analyze academic decisions of domestic non-transfer students as they transition from their 
second to third year at IU.10 A spotlight on a specific timeframe of students’ decisions is 
essential, as decisions at different points in students’ academic careers entail different 
opportunity costs and are based on different amounts of information they possess regarding their 
academic interests, ability, and academic options. Our particular focus on the transition from the 
second semester of the second year to the first semester of the third year of studies is well 

 
prediction is indeed consistent with the descriptive statistics presented in the next section showing women’s superior 
grade performance to men’s in all the academic disciplines at IU. 
10 We have excluded IU’s foreign and transfer students from the Learning Analytics data set, because a substantial 
portion of them lack aptitude test scores and/or other pre-matriculation academic performance data, unlike their 
domestic non-transfer counterparts for whom this information is available. The excluded populations also feature 
systematic distinctions, in terms of the cost of education and, due at least in part to a related selection bias, in 
preferences for academic fields and other dimensions of substantial unobserved heterogeneity.  
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justified by the fact that IU students typically finalize their selection of major at the start of the 
third year, by which time they have normally taken sufficient number of pre-requisite courses 
allowing for a more informed decision based on their relevant performance. By the same token, 
by this point in their studies students face non-trivial opportunity cost of switching to a different 
academic category with a different set of academic pre-requisites.11    

One possible choice for students who switch out of their current major is to drop out of the 
university. We identify a student as a dropout from Indiana University, if he/she stopped 
enrolling in classes for more than three semesters without having earned a degree from Indiana 
University. It is worth noting that the non-enrollment of a student may be due to taking a 
temporary break from classes. The above definition of dropping out implies, for instance, that if 
a student who was in his/her second year in the 2010-11 academic year, stopped enrolling at that 
point, and then re-enrolled in the fall of 2017 or later, i.e., after a six-year break from classes, we 
would still classify him/her as dropout. This definition of a dropout is supported by our analysis 
(available upon request) of the patterns of student breaks from classes. First, such actions are 
extremely rare in the second year (only 66 in the population of 50,545 took one semester break, 
and none took longer ones). Second, students who take more than one year off from school and 
ultimately re-enroll account for less than 4% of the student body.  
Our focus on students transitioning from their second to third year necessitates some further 
trimming of the dataset’s population. Specifically, we only focus on students who never took a 
break from studies before the first semester of their third year. We also exclude students who 
graduate at the end of their second year (likely a result, in part, of receiving sufficient AP and 
summer class credits).12 The definition of dropping out given above dictates that we have to 
exclude students from cohorts beyond the Spring 2013 because we need to observe students after 
their fifth semester for up to three semesters to distinguish between those dropping out and those 
taking a short break. This leaves us with the population of 38,691 domestic non-transfer students 
whose transition from the second to third year of studies at IU we observe in the data set.  

For the purposes of this study, we aggregate IU majors into the following five academic 
categories:  STEM, BE, SSH, other professional schools (OP), and the School of Education 
(EDUC).13  This is well justified by this paper’s focus on gender differences in the patterns of 
persistence and migration across groups of disciplines.  Our criterion for aggregating university 
majors into these broader academic categories is primarily based on similarity of academic 
foundations and tools, as is standard. The more mathematical and/or empirically analytical 
majors (STEM and BE) are separated from the majors that focus on reading, writing and verbal 

 
11 The focus on decisions at half-way point in a typical duration of college studies is common in the literature.  See, 
for instance, Arcidiacono (2004) whose analysis of NLS72 data focuses on students’ migrations from the initial 
academic disciplines two years after the start of their studies.  
12 Among students who were active in their fourth semester since matriculating at IU, only 1.2% took a break before 
their fourth semester. 1.6% of this population graduated at the end of the fourth semester. 
 
13 STEM (Science, Technology, Engineering, Mathematics) categorization of majors follows that of the Department 
of Homeland Security. See Table 17 in Appendix 1 for the full list of academic units included in this and other 
academic categories.  
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communication skills (SSH), and from the majors that focus on developing professional career-
specific skills (OP and EDUC). This academic categorization also corresponds well with the 
breakdown of majors in terms of broad classification of post-graduation careers and is consistent 
with the existing literature, which allows for easier comparison of results.  

As a result of the aggregation, we ignore student migration across majors within the same 
category. For example, students who change their major from Chemistry to Biology are seen in 
the aggregated analysis as having persisted in STEM. It is worth noting that migrations across 
our broad academic categories (e.g., from Chemistry in STEM to English in SSH) are 
substantially costlier, in terms of time and effort, than migrations within a category (e.g., from 
Chemistry to Biology, both in STEM). Indeed, the former entails fulfilling a new set of general 
academic prerequisites, even before qualifying for taking courses specific to the new major.  
Accordingly, such migrations are also characterized by acquiring qualitatively different skill sets. 
Thus, our focus on migrations across the aggregate academic categories puts an emphasis on the 
most fundamental changes in students’ academic trajectories, which are also the most 
consequential for subsequent career choices.  

It is also important to note that our focus on second to third year academic transition, best suited 
for the study of cross-category migrations, misses much of the action when it comes to the 
decision to drop out of the university. Most of dropping out (54%), according to our data set, 
occurs during or at the end of the first year of studies, with just over 24% of it happening during 
or at the conclusion of the second year of studies at IU. By the same token, this analysis does not 
include the cross-category migrations occurring before a student reaches the second year of 
studies.14 Although the volume of this activity in the first year of studies is substantial, it 
significantly differs, as we explained in detail above, from student decisions during the 
timeframe of our analysis, in terms of their costs and consequences for student’s academic path.  

The following Table 1 helps establish a general sense of student attrition by academic category 
aggregating students’ outflows from and inflows into each category throughout their studies at 
IU (i.e., not just at the end of the second year). The table reports this aggregate information for 
student cohorts matriculating in respective academic categories from the Fall 2006 through Fall 
2010, whereby the exclusion (for the purposes of Table 1 only) of student cohorts beyond Fall 
2010 ensures that the entire IU careers of remaining students (from their first to final academic 
action at IU) are observed in the data covered in the table. The Proportion columns report the 
breakdown of initial (i.e., at the point of matriculation) and graduating male and female student 
populations by academic category.  

 
14 Another relevant and reassuring piece of information is that over 95% of students in the dataset switch to an 
alternative academic category at most once, and only about 3% engage in such switching later than in their second 
year. These facts contrast with a notoriously high frequency of student major switching, many of which occur, as we 
noted, within an academic category. 
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Two remarkable patterns emerge from Table 1: the SSH share in student choices shrinks 
substantially by the time of graduation, and the share of OP disciplines rises even more 
significantly. The latter proves to be an attractive ultimate destination category despite an 
apparent relatively low initial appeal. For example, while 16% of female students start in OP, 
this category’s share in the graduating female population is 27%.  

Table 2 details the type of action taken by students in transition between the second and third 
years of their studies. The table shows the numbers of students who were in a given academic 
category during their second year and then persisted in it or took a different action by the start of 
their third year, with the percentages of each chosen action among those respective groups of 
students shown in the next column. Going across a row, one can see how many students 
remained in their original category as they transitioned into their third year, as well as how many 
students migrated to other categories or dropped out by the start of the third year. The bottom 
row shows the corresponding totals. Table 2 also offers preliminary evidence of differences in 
the distribution of students’ category decisions in their third year across the starting academic 
categories.  

 

To better understand whether there are gender differences in academic decisions at the beginning 
of the third year at IU, we further provide in Table 3 the transition probabilities for men and 
women across academic categories conditional on a student’s starting (i.e., year two) category. 
From this table, we observe that there is substantial difference between men’s and women’s 
persistence for each starting category. For example, among STEM-starters, 90 percent of women 
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persist, and 92 percent of men do so. In contrast, among SSH-starters, female persistence rate of 
92 percent is much higher than men’s, which is 87 percent.15 Note that switching to Education 
from other categories is very rare, less than 0.5 percent.   

 

Since we plan to evaluate the role of taste for academic category as an explanation of gender 
differences in field persistence, compared to that of direct sensitivity of men and women to 
grades, we first take a general look at the aggregate grade distributions in each category for men 
and women compiled in the following Table 4.  The grade levels provided in the left-most 
column represent category-specific student GPAs they accumulated by the end of their second 
year at IU. Specifically, for a student who is in STEM in his/her second year, we select all of the 
STEM courses this student has taken over their first two years and compute the average STEM-
specific GPA. The procedure is analogous for other starting (i.e., second-year) categories. Our 
focus on category-specific GPA follows from our objective to examine how student decisions 
whether to persist in their starting category depend on their grade performance in its classes. 
Indeed, for a STEM-starter a high overall cumulative GPA may not be a good basis for 
predicting his/her persistence in STEM, if it owes primarily to the student’s good performance in 
SSH classes; rather, it might be a predictor of switching to SSH.  

The descriptive statistics presented in Table 4 offer a general picture of gender differences in 
grade distributions across the academic categories. Student information is displayed across five 
grade bins, which descend from the highest-grade group toward the lowest bin which groups 
together students possessing the average grade below C, i.e., those struggling to meet the 
minimum requirements in their field.16  

 
15 The persistence and transition patterns presented in the table are not controlled for student characteristics and are 
only intended as a preliminary glance at the cross-category summary statistics of gender differences. It is also worth 
keeping in mind that these persistence measures apply to broad academic categories and ignore student transitions 
within a category. For instance, students switching from Chemistry major to Human Biology are categorized as 
persisting in STEM.  
16 Standard conversion of letter grades into numerical GPA scale is as follows: A = 4.0; A- = 3.7; B+ = 3.3; B = 3.0; 
B- = 2.7; C+ = 2.3; C = 2.0; C- = 1.7, etc. The corresponding grade bins are constructed as follows: “A+ to A-“ is 
given by (3.5, 4.0], “B+ to B“ by (3.0, 3.5], “B to B-“ by (2.5, 3.0], “C+ to C” by (2.0, 2.5], i.e., each 0.5 GPA units 
wide, while students possessing GPA of 2.0 or lower grouped together in the lowest bin. 
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Three important takeaways from these statistics are (a) that women exhibit remarkably superior 
grade performance in all academic categories, (b) that while women dominate in terms of 
proportion in the top-grade bin, men dominate in lower grade intervals and that, moreover, this 
imbalance strengthens as one moves down the grade scale in all the academic categories, and (c) 
the grade levels are remarkably lower in STEM, for both women and men, compared to other 
academic categories. 

It is notable that the superior average grade performance of women over men in all academic 
categories shown in Table 4 contrasts with the fact that persistence differential between women 
and men, even without controlling for other student characteristics, varies substantially across 
categories. For instance, the gender differential in favor of women is especially high in SSH, 
even compared to categories with similar average grade levels. These descriptive statistics offer 
preliminary support to our conjecture that differential sensitivity to grades between men and 
women may not tell the whole story, and the potential roles of gender differences in tastes for the 
attributes of academic categories other than the prevailing grade levels are at play. In the rest of 
the paper, we undertake a thorough examination of gender differences in preferences for 
academic categories and for grades in student academic decision.   

3.   Econometric Model  

As we discussed in some detail in the Introduction, the differences between men’s and women’s 
decisions to persist in an academic discipline may depend (a) on the grades they receive there 
and thereby on hypothetical gender differences in taste for (sensitivity to) grades, and (b) on their 
tastes for the disciplines, which may also differ systematically between genders.  In light of the 
argument we are advancing that a weaker taste for a discipline makes one more responsive to 
grades received there, it is necessary to explicitly distinguish the above two aspects of gender 
differences in decisions about persisting in an academic category.  

To this end, we model an individual student’s decision problem at the beginning of the third year 
of studies as follows. Each student is characterized by a ‘starting’, i.e., second year, academic 
category, and decides on his/her third-year academic category, both within the following set of 
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options: {STEM=1, BE=2, SSH=3, OP=4, DROP=0},17 where the last option is only a potential 
choice for the third year. Specifically, given her starting category k, where k=1,…,4, during the 
second year, student i needs to determine her category j in the coming year. This corresponds to 
a decision whether to persist in her starting field k, i.e., to choose j=k, to migrate to one of the 
other four academic categories, i.e., to choose j k≠  and 𝑗𝑗 ≠ 0, or to drop out, i.e., to choose j=0.  

Gender plays a key role in students’ academic choices. For instance, as noted earlier, it is widely 
observed that women are underrepresented in STEM and BE – the “lucrative” fields, i.e., those 
associated with relatively high post-graduation earnings. To control for gender heterogeneity 
regarding taste for each category, we construct a dummy variable 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 that equals 1 if student 𝑖𝑖 
is male and 0 otherwise. Note that this gender heterogeneity in taste for academic categories 
captures the total such difference between male and female students, inclusive of possible gender 
difference in the importance students attach to future earnings associated with a category, as well 
as in valuing other attributes of each given category, such as the intrinsic intellectual appeal and 
the interest in other non-pecuniary aspects of careers associated with it. We thus do not attempt 
to distinguish between these channels of gender differences in taste for academic categories 
based on the choices male and female students make. It is worth noticing that the taste difference 
captured here is not about the general population, instead it is the difference for men and women 
who have already selected them into an initial category.  

Another key variable of interest is student’s year-two cumulative category GPA, which only 
accounts for the courses student i has taken in their ‘starting’ (i.e., year-two) academic category, 
denoted as 𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖|𝑖𝑖. This variable allows us to investigate how students respond to their 
academic performance in their starting category when they consider whether to persist in or to 
migrate from it. Note that this decision also depends on a student’s performance in alternative 
categories as students might shop around for other academic fields and decide based, in part, on 
their performance there. Thus, we also include students’ other category GPA variables in the 
model, denoted as 𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖|𝑖𝑖, where 𝑗𝑗 ≠ 𝑘𝑘. To control for the fact that grade distributions and 
GPA-based criteria of satisfactory performance differ across categories and thus students may 
view their grades obtained in different categories differently, we construct mean-adjusted GPA 
variables, 𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖|𝑖𝑖, where j=1,…,4.  It is determined, for student i  and category j by 
subtracting the average GPA in the category (across students taking classes there) from the 
student’s cumulative GPA in it.  

Since not all students have taken courses outside of their starting academic categories, some 
would have no information regarding their performance in other fields. To control for this lack of 
information situation, we include four “information absent” dummy variables associated with the 
other category GPAs, denoted as 𝐼𝐼𝑑𝑑𝐼𝐼𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑀𝑀𝑑𝑑𝐼𝐼𝑖𝑖𝑖𝑖; it equals zero if the student has taken courses in 
that field, and one otherwise.  

 
17 We exclude Education as a potential option because switching to it from other categories is exceptionally rare. We 
also exclude students whose initial category is Education.  
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To control for the fact that students’ demographic and socio-economic characteristics besides 
gender as well as pre-college academic characteristics can also affect their choices of academic 
categories in college, we also construct a vector of student general characteristics, denoted by 
X(i), which include demographic, socio-economic, and pre-college academic variables. 

We then model individual student’s indirect utility of choosing category j, denoted by 𝑈𝑈𝑖𝑖𝑖𝑖|𝑖𝑖, is 
expressed as follows: 

𝑈𝑈𝑖𝑖𝑖𝑖|𝑖𝑖 = α𝑖𝑖0|𝑖𝑖 + α𝑖𝑖1|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 + γ1|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖 + γ2|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 ×
𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖 + γ3|𝑖𝑖𝐼𝐼𝑑𝑑𝐼𝐼𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑀𝑀𝑑𝑑𝐼𝐼𝑖𝑖𝑖𝑖 +  X(i)δ𝑖𝑖|𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖|𝑖𝑖, 𝑗𝑗 = 1, … 𝑘𝑘                 (1)                        

where α𝑖𝑖0|𝑖𝑖 captures women’s intrinsic taste toward category 𝑗𝑗, and α𝑖𝑖1|𝑖𝑖 captures the gap 
between men’s and women’s tastes toward each category 𝑗𝑗, whereby we allow such gap to vary 
across categories; γ1|𝑖𝑖 captures individual students’ taste for better GPA grades not specific to an 
academic category, γ2|𝑖𝑖 captures the gap between men’s and women’s tastes toward category-
specific mean-adjusted GPA, whereas γ3|𝑖𝑖 captures how students view categories where they 
have not taken classes, hence lack information about their performance there. Coefficient δ𝑖𝑖|𝑖𝑖 
captures how student 𝑖𝑖’s background other than gender influences his/her view of category 𝑗𝑗, 
whereby we allow such influences to be category-specific. The term 𝜀𝜀𝑖𝑖𝑖𝑖|𝑖𝑖  represents 
idiosyncratic taste shocks.  

The above indirect utility specification nests the two explanations described in the introduction—
the field taste-based and grade sensitivity-centered. Specifically, α𝑖𝑖1|𝑖𝑖 captures the difference 
between men’s and women’s tastes toward the attributes of category 𝑗𝑗 unrelated to grades 
received there (such as their pecuniary and non-pecuniary characteristics), representing field 
taste-based explanation for students responsiveness to such grades. On the other hand, 
coefficient γ2|𝑖𝑖 reflects the gender difference in the taste students have directly for grades, 
representing the grade sensitivity-centered explanation of their responses to grades received in an 
academic category. Using our rich data, we first test both factors of student responsiveness to 
grades in order to decompose the phenomenon of substantial gender gap in it as documented in 
the literature. 

Given a student’s academic starting point and her characteristics, student i chooses her next 
year’s academic category to maximize her indirect utility, as expressed below: 

𝑈𝑈𝑖𝑖𝑖𝑖∗|𝑖𝑖 = 𝑑𝑑𝑀𝑀𝑚𝑚𝑖𝑖=0,1,…,4𝑈𝑈𝑖𝑖𝑖𝑖|𝑖𝑖 

Due to identification issues, we normalize the deterministic part of the indirect utility that a 
student derives from dropping out, to zero, i.e., β0|k = 0.  We further assume that the taste shocks 
are from a type I extreme value distribution and are independent and identically distributed 
across categories. Consequently, we can characterize a student’s academic decision using the 
multinomial logistic expression. That is, conditional on the student’s starting point k, the 
probability of student i choosing action j in their third year, denoted as 𝜋𝜋𝑖𝑖𝑖𝑖|𝑖𝑖, is given by  
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𝜋𝜋𝑖𝑖𝑖𝑖|𝑖𝑖 =
𝑀𝑀𝑋𝑋(𝑖𝑖)𝛽𝛽𝑗𝑗|𝑘𝑘

1 + ∑ 𝑀𝑀𝑋𝑋(𝑖𝑖)𝛽𝛽𝑛𝑛|𝑘𝑘4
𝑛𝑛=1

 

Note that only the signs of the coefficients (and not their absolute values) carry meaning by 
indicating the direction of a variable’s marginal effect. Thus, we focus on the marginal effect, 
which, for a binary explanatory variable such as gender, represents the difference in the 
associated probability. 

To understand the potential effect of parameters in students’ academic category preference 
specifications on their patterns of persistence there, we further explicitly derive the connection 
between the persistence rate with student category preference and taste for grades. To focus on 
this particular relationship, we shall henceforth ignore the role of other individual characteristics 
and the information absent dummy variables. We also suppress the individual index 𝑖𝑖 for ease of 
exposition. Specifically, we model the probability of choosing category j conditional on student’s 
gender, the full vector of all four category-specific GPAs, i.e., 𝐺𝐺𝐺𝐺𝐺𝐺 = {𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 , 𝑗𝑗 = 1, … ,4} and 
the starting category k: 

Pr(𝑐𝑐ℎ𝐼𝐼𝑖𝑖𝑐𝑐𝑀𝑀 = 𝑗𝑗|𝑔𝑔𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑔𝑔,𝐺𝐺𝐺𝐺𝐺𝐺, 𝑘𝑘)

=
exp (α𝑖𝑖0|𝑖𝑖 + α𝑖𝑖1|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + γ1|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 + γ2|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖)

1 + ∑ exp (α𝑖𝑖0|𝑖𝑖 + α𝑖𝑖1|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + γ1|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖′ + γ2|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖′)𝑖𝑖′
 

This logit form indicates that the decision to choose category j not only depends on individual’s 
preference towards this category and the taste for grades, but also on his/her preferences toward 
the alternative categories. The idea is that when an individual decides on a choice between all six 
options, the individual weighs and compares her utility levels associated with all choices and 
selects the one with the highest utility; this means that only the relative utility matters instead of 
the absolute values.  

To better understand this decision process, we further represent the probability of persistence 
relative to dropping out, i.e., the log odds ratios between persistence and dropout, as follows: 

𝑔𝑔(𝑔𝑔𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑔𝑔,𝐺𝐺𝐺𝐺𝐺𝐺, 𝑘𝑘) ≡ 𝑀𝑀𝐼𝐼𝑔𝑔
Pr(𝑝𝑝𝑀𝑀𝑔𝑔𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝑀𝑀𝑑𝑑𝑐𝑐𝑀𝑀|𝑔𝑔𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑔𝑔,𝐺𝐺𝐺𝐺𝐺𝐺, 𝑘𝑘)

Pr(𝑑𝑑𝑔𝑔𝐼𝐼𝑝𝑝𝐼𝐼𝑑𝑑𝐼𝐼|𝑔𝑔𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑔𝑔,𝐺𝐺𝐺𝐺𝐺𝐺,𝑘𝑘)
= α𝑖𝑖0|𝑖𝑖 + α𝑖𝑖1|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + γ1|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 + γ2|𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖  

This log odds ratio measures the relative likelihood of decision to persist while using dropout as 
a reference point. To analyze the gender differences in the relative persistence rate, we present 
these log odds ratios for men and women, respectively, for different GPA levels as follows: 

𝑔𝑔(𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀,𝐺𝐺𝐺𝐺𝐺𝐺,𝑘𝑘) = α𝑖𝑖0|𝑖𝑖 + α𝑖𝑖1|𝑖𝑖 + γ1|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 + γ2|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖  

𝑔𝑔(𝐼𝐼𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀,𝐺𝐺𝐺𝐺𝐺𝐺, 𝑘𝑘) = α𝑖𝑖0|𝑖𝑖 + γ1|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 
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The difference between the male and female log odds ratios for the same GPA levels represents 
the gender gap in persistence due to the gender difference in terms of the tastes for grades. That 
is, 

𝑔𝑔(𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀,𝐺𝐺𝐺𝐺𝐺𝐺,𝑘𝑘) − 𝑔𝑔(𝐼𝐼𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀,𝐺𝐺𝐺𝐺𝐺𝐺,𝑘𝑘) = α𝑖𝑖1|𝑖𝑖 + γ2|𝑖𝑖𝑑𝑑𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖, 

The marginal effect of GPA on this gender difference in persistence can then be represented as 

𝑑𝑑(𝑔𝑔(𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀,𝐺𝐺𝐺𝐺𝐺𝐺,𝑘𝑘) − 𝑔𝑔(𝐼𝐼𝑀𝑀𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀,𝐺𝐺𝐺𝐺𝐺𝐺,𝑘𝑘))
𝑑𝑑 𝐺𝐺𝐺𝐺𝐺𝐺

= γ2|𝑖𝑖 

This simple analysis illustrates that gender differences in category persistence can result from a 
combination of factors, such as gender differences in the taste for (“sensitivity” to) grades as well 
as in the tastes toward the academic categories, or in the interaction between the two. In order to 
isolate a possible gender difference specifically in terms of the sensitivity toward grades, one 
needs to estimate the derivative of the difference in men’s and women’s log odds ratios toward 
grades. Such analysis, however, cannot rule out that the gender difference in category persistence 
can also be affected by the interaction of gender differences in tastes for grades and for the 
categories themselves. To empirically test both theories, we estimate the regressions and provide 
the results in the next section by controlling a rich set of individual-level characteristics.  

4.  Results: Gender Differences in Student Responses to Grades 

Student population in the data set is partitioned according to students’ “starting”, i.e., for the 
purposes of our econometric experiment, second-year academic categories (STEM, BE, SSH, 
and OP). Note that, as noted earlier, we exclude Education as a potential option because 
switching to it from other categories is exceptionally rare. For a similar reason, we also exclude 
students whose initial category is Education. We estimate the multinomial logistic regression 
model and evaluate the gender effect for each of the four subpopulations separately. It is worth 
noting that treating students in each academic category separately allows us to consider the effect 
of pre-selection into their starting categories so that the estimates of subpopulation’s preferences 
toward each category vary. 

We now describe student characteristics which form the vector X(i) of model (1). The 
demographic variables include students’ race and ethnicity. The socioeconomic variables allow 
us to control for financial and educational differences in students’ family backgrounds. In 
particular, Pell grant eligibility is a binary variable, which equals one, if the student is eligible 
for Pell grant, and zero otherwise. Pell grants are awarded based on student family’s low-income 
status, acting as a rough indicator of a student’s financial hardship. Residency indicates whether 
the student qualifies for in-state tuition as a resident of Indiana. Since in-state resident students 
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are charged dramatically lower tuition than non-residents18, this variable allows us to control for 
significant differences in students’ costs. First-Generation Student, a binary variable, equals one, 
if students’ parents had no education beyond secondary. This variable provides a relevant control 
in view of its known effect on students’ performance and choices, working through a number of 
channels, such as accumulation of pre-college human capital and obtaining relevant information 
and resources. Besides the category-specific GPA, we also include student’s GPA at the point of 
matriculation at IU and Math and Verbal SAT scores19, i.e., the pre-college academic aptitude 
measures, to proxy students’ academic ability and the level of college preparedness. 
Additionally, we control for cohort fixed effects where cohort is defined by the time of student’s 
matriculation at IU.  

In what follows, we present the estimation results for the STEM, BE, SSH, and OP-starters, one-
by-one. For each subpopulation, we run the regression for six different specifications of model 
(1). In particular, specification (a) is the simplest one with neither gender difference in tastes 
toward categories nor toward grades. That is,  we only include the demean-gpa and the dummy 
variable indicating the student has not taken any courses in that category, i.e., we only estimate 
γ1|𝑖𝑖 and γ3|𝑖𝑖, the remaining coefficients are restricted to be zero; specification (b) only allows for 
gender difference in their disutility towards grade; specification (c) only allows for gender 
difference in their tastes toward categories; specification (d) allows for both gender difference in 
the taste towards categories and grades; specification (e) further controls for a wide range of 
individual characteristics capturing student’s pre-college performance - entry GPA, SAT Math 
and Verbal scores; and specification (f) adds the covariate of demographics - race and Pell grant 
eligibility.  

Note that these estimation results rely on the assumption that we normalize the utility of 
dropping out to be zero for both women and men. This is due to the fact that an individual 
decision is driven by the relative utility, i.e., the comparison of utility levels across options, 
rather than the absolute utility levels associated with a given category. This means that we cannot 
identify the absolute utility level but only how it relates to the utility level of the reference 
option, dropping out. As a result, one must be cautious in interpreting these coefficients. This 
normalization does not affect, however, the prediction of each individual’s persistence 
probability. 

After obtaining the regression estimates, we next obtain the estimated migration probabilities for 
each academic category/GPA/gender combination using specification (f) and present the result 
accordingly. We specifically examine both female and male distributions of third-year academic 
category decisions for each starting category and the GPA grid in it (given by GPA grid 2, 2.5, 3, 

 
18 For the 2018-2019 academic year, nominal (i.e., pre-financial aid) tuition and fees for Indiana residents amounted 
to $10,681 for IU Bloomington campus, while for non-resident students the corresponding figure was $35,465. 
19 The SAT scores assigned to each student in the data set are either the ones the student submitted with his/her 
application to IU, or the scores obtained by a standard conversion procedure from the student’s ACT scores, the 
alternative aptitude test, which meets IU application requirements. 
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3.5, and 4). These results estimate the likelihood of a student, from a population subset defined 
by the corresponding combination, persisting in his/her second-year academic category or 
switching from it to an academic alternative, including the option of dropping out.  

4.1. Analysis of STEM starters 

In this subsection, we focus on STEM-starters and first present the estimates for the regressions 
in Table 5.  

 

These estimates convey a few surprising features. First of all, the estimates for the coefficient 
that captures the gender difference in tastes toward grades are positive and significant for 
specifications d-f. This suggests that in the sub-population of STEM-starters, men dislike bad 
grades more than do women.20 This finding certainly appears to contrast the common belief in 
the literature that women have systematically stronger distaste for bad grades than men. 
Secondly, we find that among the STEM-starters, men show stronger taste for STEM and BE 
than do women. On the other hand, among STEM-starters, women show stronger taste toward 
SSH and OP than do men in this subpopulation. Note that this gender difference is relative to the 

 
20 We make this conclusion under the condition that there is no grade-gender interaction difference in students’ 
valuation of the dropout option because the model’s estimates capture only the relative utility levels, not the 
absolute ones. 
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utility they attach to the dropout option. For instance, we are only able to assert that men like 
STEM more than women in relative terms, as compared to their respective preferences towards 
dropping out.  

Using the estimates in column (f) we calculate the persistence and migration patterns of men and 
women in different grade grids and present the results in Table 6. The destination academic 
categories (including the option of dropping out) are represented in each panel of Table 6 by 
column triplets. The first two columns in each triplet report the estimates for female and male 
probabilities of migration from a starting category to an alternative one or the respective 
probabilities of persistence, in case the destination category is the same as the starting one. The 
third column displays the gender differential: the probability for men minus that for women, for a 
given pathway. Thus, positive (negative) values in the “diff” column indicate that men have a 
higher (lower) likelihood of persisting in or migrating to that particular category than women. 
For example, one can infer that for students who are in STEM in their second year and earned a 
cumulative GPA of 2, the estimated probability (in percentage point terms) of persisting in  

STEM is larger by 3.5 if the student is male rather than female. Similarly, male students starting 
in STEM with STEM-specific GPA grid 2 are less likely, with probability differential of -1.4%, 
to migrate to SSH than their female counterparts. 

 

We now focus on the gender difference in persistence pattern for STEM-starters. First, all the 
reported gender differentials in the STEM persistence column are positive. This indicates that the 
persistence of men in STEM exceeds that of women across all STEM grades even after 
controlling for other regressors. Second, the observed gender differential widens as the grade 
received in STEM declines. This result can help explain the increasing under-representation of 
women in STEM as one moves down the grade scale. Overall, the growing gender differential 
implies that women are relatively more responsive to the grades they receive in STEM overall, 
further indicating that earned grades play a relatively larger role in female students’ decisions to 
abandon this academic category.21 It is important to underscore that this result is category-
specific, i.e., it does not suggest that women are more responsive to grades generally, but rather 

 
21 It is noteworthy that this self-sorting phenomenon also likely contributes to the ultimate superior grade 
performance of women over men among students who persist in STEM.  
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that this gender difference in responsiveness to grades is specific to STEM.  Most importantly, 
this overall women’s stronger response to grades in STEM is a grand total produced by two 
factors: as the model shows, STEM-starting men have in fact a somewhat stronger direct taste for 
grades than do women, but also have a stronger taste for STEM as a field.       

We now move to examine the trends in student migration to other categories. Looking back at 
the migration probabilities in Table 6, a not-so-surprising, general trend emerges: as student 
grade level decreases, the probability of migration to alternative academic categories increases, 
along with the probability of choosing to drop out. We further observe that for students deciding 
to exit STEM, the popularity of a destination varies substantially and changes as the grade 
received declines; these changes, moreover, can differ between genders. Specifically, men are 
consistently more likely to migrate to BE than women, as indicated by the all-positive estimates 
seen in BE columns. In contrast, women are consistently more likely to migrate to SSH or OP 
than men, as indicated by the all-negative estimates seen in these destination columns. For this 
latter migration trend, it is also worth noting that the gender gap in migration widens as the grade 
received declines.  

4.2 Analysis of BE-starters 

In this subsection, we focus on BE-starters and present the estimates for the regressions in Table 
7. We find that for BE-starters, surprisingly, women have a stronger preference for BE than men 
(relative to the dropout option for each). This result appears to contradict findings in the existing 
literature that men tend to value BE more than women due to its lucratively. Note, however, that 
these findings applied to gender comparisons in the overall student population, whereas our 
estimate is conducted specifically on the subpopulation of BE-starters. A rationale for this 
estimate result is that we compare those women and men who already revealed their 
predisposition toward BE by choosing it as their initial discipline. Our finding thus indicates, that 
women who self-selected to start in BE have stronger taste for the category than men who did so. 
The results further show that, like in the case of STEM-starters, BE-starting women like SSH 
and OP more than BE-starting men, but like STEM less than do men.  We also find that, in this 
subpopulation, men have stronger distaste for bad grades than women do.  
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Using the estimates in column (f) we calculate the persistence and migration patterns of men and 
women in different grade grids and present the results in Table 8 to analyze how the bundle of 
gender differences in tastes toward grades and academic category jointly affect the persistence 
patterns.  

 

We find that among BE-starters, the persistence pattern is reverse compared to that we saw 
among STEM-starters. Specifically, BE-starting women display higher levels of persistence 
relative to their male counterparts at lower grade levels. Second, the observed gender differential 
widens as the grade received in BE declines. Overall, the growing gender differential implies that 
men are relatively more responsive to the grades they receive in BE. It is worth noting again that 
this is a category-specific phenomenon.  
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This surprising pattern is a combined result of the workings of two factors, according to the 
estimated regression coefficients. First, the estimates show that men place a higher weight on the 
taste for grade they receive in BE (i.e., exhibit stronger “grade-sensitivity” according to the 
terminology we discussed in the Introduction) so that they are more responsive when the grade 
declines. Second, men “like” BE less, i.e., have lower corresponding taste coefficient for the 
field, than do women. The first of the two factors is a novel finding of our analysis, which we are 
able to single out thanks to considering it in combination with the second one.  

A comparison to our results for STEM-starting population offers important insights. First, note 
that BE-starting men place a bigger weight on the taste for grades than do women, which is 
similar to the situation in the STEM-starting population. However, among BE-starters, men have 
weaker taste for their discipline than women do, whereas the situation was the opposite among 
STEM-starters where men “like” the discipline more than their female counterparts do.  It is this 
specific difference in gender tastes for the categories (and not directly for good grades!), which 
results in the opposite persistence pattern in BE compared to STEM. 

Our examination of the trends of migration from BE to other categories shows, similar to the 
case of STEM-starters, that as student grade level in BE decreases, the probability of migration 
to alternative academic categories increases, along with the probability of choosing to drop out. 
Furthermore, men are consistently more likely to migrate to STEM or to drop out than women, 
while women are consistently more likely to migrate to SSH or OP than men. 

4.3 Analysis of SSH-starters 

We estimate student preferences expressed in model (1) for SSH-starters and present the 
coefficient estimates in Table 9. These estimates convey analogous but slightly different findings 
compared to the case of STEM-starting subpopulation. First of all, the gender difference in taste 
toward grades is positive and significant, suggesting that, again, men exhibit stronger taste 
toward grades than do women. This finding is similar to our analysis of STEM-starters. Second, 
men in this subpopulation show stronger preference for STEM and BE than do women, while 
women here show stronger preference for SSH and OP, relative to dropping out, compared to 
men.   



22 
 

 

 

We next obtain the estimated migration probabilities for each academic category/GPA/gender 
combination and present the results in Table 10 using estimates in column (f) to analyze how the 
bundle of gender differences in tastes toward grades and academic category jointly affect the 
persistence patterns.  

 

We find that among SSH-starters, the persistence pattern is similar to BE-starters but reverse 
compared to that we saw among STEM-starters. Specifically, SSH-starting women display 
higher levels of persistence relative to their male counterparts at lower grade levels. Second, the 
observed gender differential widens as the grade received in SSH declines. Overall, the growing 
gender differential implies that men are relatively more responsive to the grades they receive in 
SSH. It is worth noting again that this is a category-specific phenomenon.  
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This surprising pattern is a combined result of the workings of two factors, according to the 
estimated regression coefficients. First, the estimates show that men place a higher weight on the 
taste for grade they receive in SSH (i.e., exhibit stronger “grade-sensitivity” according to the 
terminology we discussed in the Introduction) so that they are more responsive when the grade 
declines. Second, men “like” SSH less, i.e., have lower corresponding taste coefficient for the 
field, than do women. The first of the two factors is a novel finding of our analysis, which we are 
able to single out thanks to considering it in combination with the second one.  

4.4 Analysis OP starters 

We further estimate model (1) for OP-starters and present their estimation results in Table 11. 
Regarding the gender difference in taste toward different destination categories among OP-
starting students, we find that OP-starting men “like” OP slightly more than their female 
counterparts do, but men “dislike” bad grade more strongly than women do. Both factors play an 
important role in the total gender gap in terms persistence. Moreover, surprisingly, among the 
OP-starters, men “like” all categories, including STEM, BE, SSH more than do women, relative 
to the dropout option. The interpretation of a somewhat surprising finding that OP-starting men 
have a stronger taste for it than do women is similar to the case of our analysis of BE-starter: 
men who self-selected to start in OP indeed do tend to have very strong taste for it.  
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Table 12 provides the distribution of destination academic categories for OP-starters. Here, we 
observe persistence patterns similar to BE and SSH-starting subpopulation where men are more 
responsive to the grade they received when they make decisions to persist in their current 
category.  

 

We further observe that for students deciding to exit their starting category, the popularity of a 
destination varies substantially by starting category and changes as the grade received declines; 
these changes, moreover, can differ between genders. According to gender differentials in the 
table, however, there are two features that remain consistent across the two academic categories 
presented. First, OP-starting men are consistently more likely than women to migrate to STEM. 
Second, women are consistently more likely to migrate to SSH or dropout than men. For this 
latter migration trend, it is also worth noting that the gender gap in migration widens as the grade 
received declines. In other words, women dominate the SSH destination migration pathway to an 
increasingly greater extent as the grade received declines.  

4.5 Explanation  

Overall, our empirical evidence demonstrates that women persist relatively more strongly in 
SSH, BE, and OP while men persist in STEM in a relatively greater proportion than women. 
This novel result shows that the phenomenon of relatively stronger responsiveness to grades 
exhibited by women in STEM (which we reported above and which is consistent with the 
existing literature focusing specifically on STEM) is in fact discipline-specific.  

Furthermore, the above analysis of gender differences in persistence and migration across 
academic disciplines challenges the grade sensitivity-centered conjecture commonly made in the 
literature that women generally respond more strongly to low grades than men in their decisions 
against persisting in an initially chosen field and that such female-specific characteristic is 
responsible for disproportionately driving women away from the disciplines that tend to assign 
lower grades.  

Instead, we find that the gender difference in responsiveness to grades is not universal but is 
category-specific in magnitude and direction. Specifically, we find that men are more directly 
“sensitive” to grades than women in all four starting categories; however, their persistence 
patterns differ across categories because of the relative difference in their tastes toward them in 
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each subpopulation: men “like” STEM more but SSH less than do women, respectively. In 
STEM, specifically, men’s stronger preference toward STEM outweighs their greater disutility 
of low grade, resulting in their stronger persistence in STEM compared to women’s.  

Thus, from our analysis, the gender difference in the observed persistence patterns comes from 
two different sources: gender differences in students’ taste directly towards grades and towards 
academic categories. Surprisingly and contrary to the conventional understanding, in each 
starting category, we find that men put more weight than women on the taste towards the grade 
they received. However, men do not respond more strongly than women when receiving a lower 
grade. This is because the decision about persisting in an academic category is affected, in 
addition to the taste for grades, by students’ tastes for academic disciplines, so that the observed 
persistence patterns are combined results of the two factors.  

5. Robustness Checks  

This section contains two checks of robustness of the previous section’s baseline results on 
gender differences in persistence in and migration from students’ starting (i.e., second-year) 
academic categories.  

The first robustness check addresses the challenge that peers may influence in students’ 
decisions whether to persist in their academic categories (such as may be the case where 
decisions by female students are affected when strongly outnumbered in a class by males). 
Specifically, we control this potential channel by including the gender ratio for each student’s 
category-specific classroom experience as one of the independent variables in our regression.  

The second robustness check addresses the possibility that students’ (unsuccessful) grade 
performance reflected in our category GPA might be affected by their ex ante decision to ‘give 
up’ on their starting academic field before officially registering the change. Thus, the third 
robustness check – termed the ‘Forfeiture’ check – runs the regression, similar to that specified 
in our baseline model, over the students’ prior career at IU, but excluding the last semester in 
which the student was associated with the academic category. We then examine the degree to 
which this changes their baseline estimated probabilities of persisting versus exiting.    

As will be seen, all the new results produced from these robustness checks remain in line with 
our baseline results. We shall now discuss the motivation, execution and outcomes of these 
robustness checks in more detail.  

5.1. Gender-Peer Effects 

Our key baseline result found that men are relatively more persistent than women in STEM and 
that this persistence differential grows as the grade received in STEM declines. It is plausible 
that the underlying underrepresentation of women in the field could itself contribute to their 
relatively lower persistence; in other words, the initial underrepresentation of one’s gender peers 
might impact the student’s decision whether to persist. That is, the underrepresentation of 
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women in STEM could be a self-fulfilling phenomenon. Therefore, in this subsection, we 
introduce a control for the gender ratio of each student’s classroom experience within each 
academic category. 

Since gender composition varies across classes within each academic category, we calculate the 
gender ratio for each class a student takes in a given category, and then take the average of those 
ratios to create an aggregate measure representing the student’s overall gender peer experience in 
the category up to the fourth semester. In other words, we create a course section-specific gender 
ratio variable for each academic category to capture each student’s gender-peer experience 
within each category. The focus on course sections is of essence because many courses are 
offered in multiple sections per semester. The gender ratio variable used here reports the gender 
composition specific to each section of relevant classes, as opposed to averaging across all 
sections of a class in a given semester. This approach is essential as it accounts for the relevant 
gender composition directly experienced by affected students. Further, our gender ratio variable 
is tied to the gender of a student in question, i.e., if a student is male, then the variable will report 
the proportion of males in the class, mutatis mutandis. This process thus yields five student-
specific and category-specific gender ratio control variables. 

Table 13 presents the estimates of persistence and migration probabilities along with their 
corresponding gender differentials, after controlling for the newly introduced gender ratio. 
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From the estimates, we can see that the gender ratio is not statistically significant from zero for 
all specifications and all starting categories, which indicates that gender is not an important 
determinant when students decide their future categories.22 

Even though the gender ratio is not statistically significantly different from zero, we still 
calculate the pattern of students’ category persistence and migration decisions and provide the 
results in Table 14. These new patterns, which are controlled for the gender peer effect, differ 
slightly in magnitudes from the baseline estimates of Tables 6, 8, 10 and 12 (which had no 
gender peer effect controls), but the overall persistence and migration trends remain.  
Specifically, in STEM, men are significantly more likely to persist than women within each GPA 
bin-specific subpopulation, and furthermore, this differential is the larger the lower the GPA bin 
considered. Thus, the trends of growing gender gaps in favor of men in persistence in STEM are 
preserved under this robustness check, albeit with minor moderation in the strength of the effect 
of declining GPA.  

 
 

22 Our focus is the persistence pattern after controlling for the peer effect, while gender peer effects were a focus of 
Ost (2010) and Kugler et al (2017). 
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5.2. ‘Forfeiture’ Robustness Check  

This robustness check addresses the possibility that students, who plan to abandon their starting 
academic category but are still enrolled in some classes associated with it, will choose to 
complete the classes but devote low effort to them due to the change of plans.  In such cases, 
students’ weak performance in the starting academic category’s classes would constitute 
“forfeiture”, i.e., be caused by the decision to abandon the corresponding academic category, 
rather than serving as its cause.  

To address this possibility, rather than including students’ performance in their last semester 
(i.e., second semester of the second year, fourth semester overall) of being registered in the 
starting academic category in the calculation of their cumulative GPA, we now use instead of it 
the cumulative GPA information up until but not including this last semester as a regressor. The 
rationale for this approach is that students’ fourth semester academic performance in their 
starting academic category, if it immediately precedes the switch to an academic alternative, may 
be a consequence of having already decided to abandon the starting academic category. In other 
words, weak grade performance may be a consequence of a decision to leave the academic 
category and thus losing motivation to exert more effort, rather than the other way around, i.e., 
weak performance in the last semester causing the departure.   

Using the cumulative grade information without including the fourth semester’s grades, as 
described above, while keeping the rest of the covariates unchanged, we re-run the regression 
and produce new estimates in the following Table 15.  
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We can see that the estimates for both coefficients are quite robust for all starting categories. We 
then calculate the pattern of students’ category decisions and provide the results in Table 16, 
which only differ slightly in magnitudes from the baseline estimates of Tables 6, 8, 10 and 12 
(which had no gender peer effect controls), the overall persistence and migration trends remain.   

 

Specifically, the persistence and migration patterns are preserved even after we control for the 
reversed causality between decisions whether to persist in a category and the level of grades 
received there. We also observe, similarly to the case of the gender peer robustness check, that 
the forfeiture factor tends to magnify, albeit modestly, the negative effect of poor grades on 
students’ likelihood to persist in their starting academic categories. Specifically, the results 
presented in Table 16 shows that male students remain more likely to persist in or migrate to 
STEM than their female counterparts; this persistence pattern holds true across all GPA ranges; 
the gender differential in persistence in favor of men in these categories continues to grow as the 
grade received declines.  
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Additionally, female students are not only more likely to persist in SSH than their male 
counterparts at given grade levels, but also are more likely to migrate to SSH and OP. These 
results, again, affirm our baseline findings that stronger sensitivity to grades, rather than being a 
gender-specific phenomenon, is more likely to reflect gender differences in the underlying 
preferences for academic fields.  

Our empirical analysis has revealed strong distinctions between groups of disciplines with 
respect to gender differences in the patterns of student persistence in and migration across 
academic categories. The theoretical model we develop in the next section is aimed at gaining 
insight into the mechanism underlying this newly uncovered phenomenon, i.e., to provide its 
micro-foundations. Our model features individual differences in the weights individuals attach to 
the taste for field-specific human capital and associated careers, which may correlate with gender 
(as observed in the empirical literature) and translates into differences in their degrees of 
attachment to corresponding academic disciplines. Additionally, students differ in their direct 
tastes for (“sensitivity” to) grades, while all being averse to study effort. The model is able to 
demonstrate that students’ field-preferences is a deciding factor in their responsiveness to grades 
in a discipline, in terms of choosing and/or persisting in it. Furthermore, it provides stylized 
predictions remarkably consistent with the empirical patterns showing that gender differences in 
choices of and persistence in majors are not uniform but exhibit distinctions across the array of 
disciplines, as we have demonstrated here.  

6.   Trade-offs in choosing a college major: a theoretical framework 

We structure this section as follows. First, in subsection 6.1, we present a model of student 
decisions about selecting and/or persisting in a field of study. Subsection 6.2 derives baseline 
results in the framework where students make college decisions at once, based on supposed 
complete information about their academic ability. Then, in subsection 6.3, we extend these 
results to the main case of interest where the college study consists of two stages, the lower and 
the upper division, whereby students learn about their ability upon completing the first stage 
based on grade performance there and then adjust their initial choices accordingly. 

6.1. The model 

One can think of an individual college student’s decision to choose an academic field and then 
either to persist in it or to switch to a different one in the spirit of Manski (1989) who analyzed 
sequential individual decisions about whether to enroll and then to persist in college. In such a 
utilitarian framework, students consider characteristics of a major, as well as their own 
individual characteristics, such as abilities and tastes. Recent research shows, for instance, that 
pecuniary and non-pecuniary characteristics of careers associated with majors as well as their 
academic content prominently enter students’ preferences (see Arcidiacono, 2004, Zafar, 2013), 
as does the effort required to pursue the corresponding studies (e.g., Montmarquette et al., 2002 
and Babcock and Marks, 2011).   
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To streamline this Section’s theoretical argument, we make a common simplification that student 
pre-college academic characteristics can be reduced to a single variable a of universal ability. To 
further simplify the model, we shall initially suppose that each student i has advance perfect 
knowledge of his/her academic ability (pre-college preparation) ia  and is thus able to make an 
informed choice of a college career. Upon obtaining the relevant results, we shall discard this 
assumption and let the initial choices be based on imprecise beliefs, which get updated  in the 
course of studies, such that students may then change their ex ante choices accordingly.   

We posit that while in college, each student i chooses to pursue his/her degree in one of the 
majors m=1,2,…,M, such that the human capital level student  i  will choose to attain will be 
major-specific, hence denoted as ,m ih . We further assume that a student makes these educational 

choices to maximize her utility function, which depends positively on her taste for human capital 
attainment in a chosen major, decreases in the educational effort e it entails, and increases in 
psychic benefits of GPA grade g earned in college. Assuming separability for the simplicity of 
argument, the utility function of student i can be written as: 

, ,( ) ( | ) ( )i m i m i i iU u h v e a s gα γ= − +                 (2) 

where the first component represents student’s taste for attributes of a major m, which may 
include both pecuniary and non-pecuniary characteristics of a career associated with it as well as 
the attributes of its academic content and depends on one’s level of human capital attainment in 
the major;, the second component captures the disutility of effort, and the third one accounts for 
the psychic benefits derived from receiving a high grade or the distress from a low grade.  As 
will be detailed below, student’s human capital attainment in college depends on the effort 
he/she chooses to exert; so does the grade earned.  Note that all the components in expression (2) 
depend on student’s ability since a given effort level produces superior outcomes when ability is 
higher.  Coefficients , andm i iα γ  stand for the weights student i attaches to the components of 

utility associated with the taste for human capital in a chosen major and the taste for (or 
“sensitivity” to) the GPA grade received, relative to the disutility associated with the effort 
involved.  It is clear that both the taste for human capital in a major and the grades-driven 
component of utility create distinct incentives to exert more study effort in any major.  However, 
whereas the effect of the grades-driven component is invariant to the chosen major, the effect of 
the taste for a major obviously differs across the majors, because they differ in the grading 
standards. Indeed, the preference for a less demanding major is aligned with obtaining higher 
grades, ceteris paribus, and thus can be observationally equivalent to stronger taste for 
(sensitivity to) grades. As we have shown in previous sections, estimating this distinction 
between taste for major-driven and sensitivity to grades-driven student choices allows one to 
differentiate the motivation behind students’ decisions about major choices. This section will 
clarify this distinction by means of a theoretical model. As mentioned earlier, we assume, as is 
standard and realistic, that student i’s human capital attainment level in any major m she chooses 
is an increasing function of her ability and the effort she chooses to exert while pursuing the 
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major.  For simplicity but without loss of generality, we use the following common functional 
form: 

, ,m i i m ih a e=                  (3) 

We further posit that each major establishes a grading scale such that the major-specific GPA 
grade of student i increases with her human capital attainment in the major, i.e., ,( )m m ig h  is a 

strictly increasing function. (Note that we consider GPA grade as a continuous variable, which is 
consistent with GPA measurement as well as this paper’s empirical model.) Equivalently, each 
major establishes a scale of its academic standards corresponding to each grade level g, such that 
the strictly increasing function ( )mh g  is the level of attainment of human capital specific to 
major m required for obtaining grade g in the major. This implies that student’s choice of human 
capital attainment in major m is equivalent to the choice of a grade level to pursue there.  For a 
student of given ability, these choices are in turn equivalent, according to (3), to the student’s 
choice of the level of effort to exert in pursuing major m.   

To summarize, student’s decisions in the model can be reduced to two choices: of major m and 
grade level g to pursue in it.  As stated earlier, the choice of grade level g in major m is 
equivalent to choosing the level of human capital attainment ( )mh g . Thus, according to 
expression (3), student’s utility maximization problem can be stated as  

, ,
,

( )max ( ( )) ( )m
m i m i m i

m g i

h gU u h g v s g
a

α γ
 

= − + 
 

                    (4) 

As explained above, the problem can be equivalently formulated in terms of student’s choice of 
major m and the level of educational effort  e  to exert in pursuing it, i.e., 

( ), ,
,

max ( ) ( ( ))m i m i i i m i
m e

U u a e v e s g a eα γ= − +                     (5) 

given student’s level of ability ia , which we assume to be distributed in a finite interval [ , ]a a . 

6.2. Decisions and Tradeoffs under Complete Information 

We shall now analyze the tradeoffs a student of given known ability faces when choosing 
between some two majors, m = k, j.  There is ample evidence (see, e.g., Aachen and Courant, 
2009) that prevailing grade levels differ strongly across academic disciplines; for instance, they 
are markedly lower in STEM, higher in SSH.  There is also empirical evidence that these grade 
comparisons are only strengthened when controlled for students’ measured ability (see 
Arcidiacono, 2004, as well as, on Indiana University data, Kaganovich and Su, 2018). This then 
implies a difference in academic standards, i.e., the fact that some majors impose higher 
requirements in comparable study effort for a given grade, than do others.  Based on this 
reasoning, we assume here that major k has higher standards than major j , such that for each 
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grade level g the corresponding academic standards for achieving this grade, ( ) and ( )k jh g h g

satisfy  ( ) ( )k jh g h g> .  This then implies that attaining a particular grade level in major k will 

take a student of given ability more effort than in major  j.  Furthermore, for the purposes of this 
analysis we make a stronger simplifying assumption that for a student of given ability, the level 
of effort required in major  k  is higher than that in major  j, regardless of the grades pursued 
there23 and formulate this as the following condition.  

Assumption 1:  The academic standards in t major k strongly dominate those of major j. That is, 
for any grade levels andk jg g in the respective majors, the corresponding academic standards 

compare as follows: ( ) ( )k k j jh g h g> .   

Assumption 1 directly implies that, controlling for individual ability a, a student would need to 
exert higher effort if pursuing major  k  vs. that in major  j.    

Assuming that functions u(.) and s(.) are concave while the disutility of effort v(.) is convex, 
problems (4) and (5) satisfy requisite sufficient conditions of optimality.  The first order 
conditions then imply the following result, proven in detail in Appendix 2, where we abandon for 
brevity student indexation i.  

Lemma:  Suppose, for a pair of majors k, j, which satisfy Assumption 1, and a given set of 
student utility weight coefficients , ,k jα α γ , that there exist students who prefer more demanding 

major k as well as those preferring the less demanding major j.  Then there is a cut-off ability 
level   

( , ) ( , | , , )k ja k j a k j α α γ=               (6) 

such that, for a given set of their utility weight coefficients , ,k jα α γ , students with ability below 

a(k, j) will prefer the less demanding major  j, while students with ability above the threshold 
will prefer major k in this binary choice.   

 
23 Babcock and Marks (2011) document that study time is persistently highest on average (i.e., without controlling 
for ability) in engineering and sciences compared to other disciplines.  Kaganovich and Su (2018) consider a model 
where career income is the only attribute of a major that matters to students and show that if the difference in wage 
rates between the majors is substantial enough this leads to the “separated” majors outcome, where human capital 
attainment standard even for attaining a low passing grade in the more lucrative major exceeds the standards for any 
grade in the less lucrative one. They further present empirical evidence of a trade-off between career earnings 
associated with college majors and their academic standards:  namely, more lucrative majors tend to maintain less 
generous grading standards. They then develop an explanation of this phenomenon through a model of intra-
university competition between two majors, the more and the less lucrative, consistent with some ideas proposed by 
Aachen and Courant (2009).  The academic standards for grades are chosen by individual departments and serve as 
their competitive instruments for attracting students to the corresponding disciplines or for deterring them, 
depending on academic eligibility. This leads to student self-sorting across the departments, and, in equilibrium, to a 
positive relationship between job market rewards of majors and their grading standards, as described above.   
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Let ( , , )m mV a α γ  stand for the value function of the problem of maximizing the utility function  
Um  by a student of ability level  a  and weight coefficients  , ,k jα α γ  within major  m: 

 ( )( , , ) max ( ) ( ( ))m m m m
e

V a u ae v e s g aeα γ α γ= − +            (7)  

i.e., the highest level of welfare the student can achieve were he/she to pursue major  m.  Then 
the cut-off ability level ( , )a k j  obviously satisfies equality    

, ,( ( , ), , ) ( ( , ), , )k k i j j iV a k j V a k jα γ α γ=               

It is then straightforward (see Appendix 2 for details) to derive from Lemma 1 the following 
comparative statics result: 

Proposition 1: The ability threshold a(k, j) for choosing more demanding major k over the less 
demanding j relates to student preference parameters as follows: 

(i) it declines in the weight kα  a student places on her taste for human capital associated with 
the more demanding major  k, given the weights she places on required effort, grades 
received, and her taste for the less demanding major j; 

(ii) it increases in the weight jα  a student places on her taste for human capital associated 

with the less demanding major  j, given the weights she places on required effort, grades 
received, and her taste for the more demanding major k; 

(iii) it increases in students’ direct sensitivity to grades γ , given the values of her taste for 
majors’ coefficients, subject to an additional parametric condition that the preference 
coefficients kα  and jα  associated with the taste for educational benefits of majors are 

large relative to the weight given to the disutility of effort (which was normalized to 1).24 

Proposition 1 results (i) and (ii) compare students who differ in their values of weights kα  or jα

, respectively, in utility function (5) but do not differ in their taste for the alternative major or in 
coefficient γ , the direct sensitivity to grades.  

Result (i) implies, in this stylized analytical framework, that the more students value the benefits 
derived from a more demanding major, the more strongly the ability sorting among them will be 
biased in favor of this major, such that this major will then attract additional less able such 
students who will be therefore putting up with higher effort and lower grades. This then implies a 
trade-off between the coefficient kα , the taste for more demanding major, and the grade level 

 
24 See the proof of Proposition 1 in Appendix 2 for detailed formulation of this parametric condition. It ensures that 
for a student indifferent between the two majors, the loss of educational benefit associated with choosing a less 
demanding major is not fully compensated by the gains from the reduced study effort there. This then implies that to 
be rational, the choice of a less demanding major requires an additional compensation by means of a higher grade. 
The purpose of the additional parametric condition is to ensure the effective compensatory role of more generous 
grade policy in the less demanding major.  
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acceptable to a student.  Specifically, the higher the weight kα  a student of given ability 
attaches to her direct utility of (taste for) the demanding major, the lower is the acceptable grade 
level, at which she will still prefer to choose this major.  Therefore, students whose preferences 
feature higher weight kα  will be willing to accept relatively lower grades in the major, rather 
than choosing the alternative, less demanding, major in exchange for better grades, compared to 
their peers.   Thus, such students will exhibit behavior observationally equivalent to lower direct 
sensitivity to grades, without this being the case. 

In a similar vein, result (ii) of the Proposition means that the stronger students’ preferences for 
human capital in the less demanding major, the less willing, ceteris paribus, they will be to 
accept higher effort and lower grades associated with the more demanding major. Such students 
will thus exhibit behavior observationally equivalent to higher direct sensitivity to grades, 
without this necessarily being the case. Finally, Proposition 1(iii) considers the direct effect of 
sensitivity to grades in student preferences. It shows that, other things equal, ability sorting 
among students with a higher γ , i.e., those whose preferences feature stronger direct 
“sensitivity” to grades, will be (not surprisingly) more strongly biased in favor of a less 
demanding major.  In other words, the higher the weight a student of given ability attaches to the 
benefits of better grades, the less willing the student will be to accept lower grades associated 
with the more demanding major. That is, such student will only choose more demanding major 
subject to receiving a relatively “less bad” grade there than would be acceptable to a student with 
a lower value of coefficientγ .  

The juxtaposition of results (i-ii) vs. (iii) of the Proposition thus represent two possible 
alternative explanations for observed differences, between individual students and groups of 
students, in their responses to grades when choosing between academic disciplines: one based on 
differences in unconditional direct sensitivity to grades per se, the other more nuanced where 
revealed responsiveness to grades received in a major is derived from a student’s preferential 
attachment to it.  The approach to explaining systematic gender differences in the choices of 
and/or persistence in college majors proceeds from the assumption of differences in “sensitivity” 
to grades γ  as an exogenous characteristic of students’ preferences is standard in the literature 
we surveyed in the Introduction.  In particular, the assumption about higher women’s sensitivity 
to grades underlies the approach to explaining gender differences in the choices of academic 
disciplines in the literature. This possibility is supported, in principle, by Proposition 1(iii) which 
shows that students with higher such exogenous sensitivity to grades will gravitate more, ceteris 
paribus, toward the less demanding major. 

It is not hard to see, however, that according to Proposition 1(iii), the implications of an 
assumption that genders have inherent differences in sensitivity to grades are not consistent with 
the empirical evidence we have uncovered. It is contradicted by our findings that men are at least 
no more tolerant of lower grades than are women in STEM and in SSH.  Indeed, Proposition 1(i) 
shows that if men have stronger interest in a more demanding major (like STEM) than women, 
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they will then exhibit less responsiveness to low grades than women in this major (as a matter of 
persistence there) even if they have equal or stronger direct preferential sensitivity to grades than 
women.  

Likewise, according to Proposition 1(ii), if women happen to have stronger interest in a less 
demanding major (like SSH) than men, they will exhibit more tolerance for low grades in it than 
men even if their direct sensitivity to grades is weaker than men’s.   

These theoretical results are particularly essential for explaining the distinction between the 
gender effects we demonstrated in BE vs. STEM, both relatively demanding academic 
categories. Indeed, whereas these distinctions would be hard to explain based on the hypothesis 
of women’s inherent higher direct sensitivity to grades, estimation of our econometric model 
shows that they are explained by the variation of academic category-specific tastes across 
genders.   

It is straightforward to extend the above analysis to include the option of not attending college as 
the choice of m=0, whereby the corresponding level of welfare is defined by  0V , which 
according to a standard simplifying assumption is fixed, i.e., does not depend on individual 
characteristics. So, a special case of expression (6) would define  

( ,0) ( ,0 | , )ma m a m α γ=   

as the ability threshold for students contemplating the choice between enrolling in college with 
major  0m ≠   vs. not going to college. Lemma 1 and Proposition 1 apply to the ability thresholds 

( ,0)a m , where m=k,j, with minor change in proofs (see Appendix 2) because the study effort 
corresponding to the choice m=0 is obviously 0 ( ) 0.e a ≡   It follows, in particular, that the 

thresholds ( ,0)a m  for majors m=k,j  decline in the weight mα  student places on her taste for 
human capital associated with major m and, subject to parametric restrictions specified in 
Proposition 1(iii), increase in direct sensitivity to grades γ .  

With the added “no college” option m=0, we can now extend the analysis to incorporate each 
individual’s choice between three options: pursuing the more demanding major k, the less 
demanding major j, and the “no college” option.  To simplify the argument, we shall assume that 
preference parameters , ,k jα α γ  can take on only two distinct values each, in the population: 

high and low; for instance H
kα and L

kα . The population of (potential) students thus breaks down 
into eight discrete groups characterized by different combinations of the corresponding 
parameter values.  We assume that these differences between the groups are uncorrelated with 
academic ability, which equally varies in both groups.  

Consider, for instance groups A and B, characterized by parameter values , ,H N N
k jα α γ and 

, ,L N N
k jα α γ , respectively, where N=H,L. Thus, group A individuals have stronger inherent 

preference for the more demanding major than individuals in group B, whereas members of the 
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two groups have similar tastes for major j and for grades.  Since welfare level associated with not 
going to college 0V  does not depend on ability, the results of Lemma extended to the option of  
“no college” imply that for students in group A with sufficiently high ability the following 
welfare ranking of the options obtains: 

0( , , , ) ( , , , )H N N H N N
k k j j k jV a V a Vα α γ α α γ> >           (8) 

because according to Proposition 1(i) the ability threshold ( , | , , )H N N
k ja k j α α γ  above which 

individuals prefer major  k  over major  j,  is relatively low.  

Also according to Proposition 1(i), the threshold ability level ( , | , , )L N N
k ja k j α α γ  is relatively 

high. Therefore, for students in group B (who have weaker taste for the major k) with ability that 
is sufficiently high but below the threshold: ( , | , , )L N N

k ja a k j α α γ< , the welfare ranking of the 

options will contrast with the above:25 

0( , , , ) ( , , , )L N N L N N
j k j k k jV a V a Vα α γ α α γ> >           (9) 

The direct comparisons of the expressions for welfare functions clearly imply that the best choice 
for individuals of sufficiently low ability in either group A and B is “no college”, i.e., welfare 
level  0V  dominates the alternatives.  

Therefore, it is not hard to see, based on the Lemma, that tracing the welfare comparisons under 
monotone reduction of student ability level from those corresponding to the respective welfare 
rankings (8) and (9) toward low levels where “no college” option dominates, lead to the 
following results. 

Proposition 2. Consider, groups of individuals A and B, characterized by parameter values 
, ,H N N

k jα α γ and , ,L N N
k jα α γ , respectively, where N=H, L. Thus, group A individuals have strong 

inherent taste for the more demanding major k than members of group B, whereas they do not 
differ in their other taste parameters. Then the group-specific ability thresholds, which determine 
individual preferences between the corresponding options, satisfy the following relationships: 

(i)  ( ,0 | , , ) ( ,0 | , , ) ( , | , , )H N N H N N H N N
k j k j k ja j a k a k jα α γ α α γ α α γ> > ,  

which implies that the population of group A individuals who more strongly value the 
educational and career benefits of the more demanding major k  partitions into two groups as 
follows. For all those with ability above ( ,0 | , , )H N N

k ja k α α γ , pursuing major  k  is the top 

choice. For those whose ability falls below this threshold, the “no college” option dominates all 
else, including the option of graduating with the less demanding major  j. 

 
25 Inequalities (8) and (9) impose implicit but standard conditions on the magnitude of welfare level 0V  given by the 
“no college” option and the range of abilities to ensure that the college-bound population is not empty, and neither is 
the population of those who is better off without a college degree.   
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(ii)  ( , | , , ) ( ,0 | , , ) ( ,0 | , , )L N N L N N L N N
k j k j k ja k j a k a jα α γ α α γ α α γ> > , 

which means that the population of individuals who have weaker taste for educational and career 
benefits of major k partitions into the following three groups. For those with ability 

( , | , , )L N N
k ja a k j α α γ> , pursuing  major k in college is their top option. For those whose ability 

falls into the interval ( ,0 | , , ) ( , | , , )L N N L N N
k j k ja j a a k jα α γ α α γ< < , pursuing less lucrative major  

j  is the best choice.  Finally, for those with ability below the lower threshold, “no college” is the 
best option. 

The main takeaway from Proposition 2 is that individuals who value the benefits of the more 
demanding major k sufficiently strongly but whose ability is not high enough to pursue it will 
prefer to not attend college over doing so with the other major j.  This complements the findings 
of Proposition 1(i) that, other things equal, ability sorting in favor of demanding major k is 
stronger the weaker is students’ taste for it.  

6.3. Two-Stage College Scenario: Persistence and Migration Decisions 

Recall that the analysis in the previous subsection proceeded under our initial simplifying 
scenario that students make the college enrollment and major choice decisions as a one-shot deal 
given complete information about their academic ability. The results we obtained are, however, 
applicable in the framework of this paper’s empirical analysis, where students had made their 
initial decisions under incomplete information about their ability, and then, mid-way through 
college, once ability is revealed based on the first-stage academic performance, students can 
make adjustments. Thus, at this point in their studies, students are faced with an ex post choice 
between a new set of alternatives.26  

We therefore now consider the following two-stage scenario, similar to our empirical framework. 
We consider students who chose to matriculate at college and to pursue a particular major ex 
ante, according to beliefs about their academic ability they had initially. These initial decisions 
are taken as given. Having completed the first stage of studies, these students have been able to 
infer their true academic ability based on performance there embodied in grades according to 
expression (3), and are now contemplating their choices ex post, in transition to the second, 
“upper division” stage of college education.   

Specifically, let’s consider a student who initially matriculated in college and chose a particular 
major based on the belief he/she had at the time that his/her ability level was 0a . Assume 
further, for the sake of argument, that based on this information the student chose the more 

 
26 We will apply the results of Lemma and Proposition 2 to the ex post student decisions without accounting for the 
facts that the costs and benefits of continuing enrollment in college until graduation, or not, are not the same as the 
respective costs and benefits are at the initial point of college matriculation decision.  This simplification helps 
streamline our exposition but does not diminish generality, since adjusting the analysis to the changes in the benefits 
and costs is straightforward.  
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demanding major k over major j.  In the notation of Lemma, this implies that 
0 ( , | , , )k ja a k j α α γ>   assuming that the weight coefficients in the student’s utility function (1) 

are given by , ,k jα α γ .  Suppose, further, that in the course of studies, the student learns, based 

on GPA grades received, that his/her true ability level is lower: 0a a′ < . The student faces three 
potential choices: (a) continue on (“persist”) in the originally chosen major k, (b) switch to a less 
demanding major j, and (c) drop out of college.  

The updated information about ability will compel the student to choose option (a), i.e., to persist 
in major k, if the updated ability level is high enough to “beat” both alternatives to this option: 
switching to major j or dropping out of college. According to Proposition 2, this will be the case 
iff  

{ }max ( , | , , ), ( ,0 | , , )k j k ja a k j a kα α γ α α γ′ >  

If, however, the updated ability level falls below this threshold, Proposition 2 gives guidance for 
further analysis to determine, which of the alternatives, (b) or (c), prevails.  According to 
Proposition 2, this depends on the taste  kα  the student has for the benefits associated with 
human capital obtained in major k.  This is so due to the result of Proposition 1 that threshold  

( , | , , )k ja k j α α γ  decreases in the coefficient  kα , such that  

( , | , , ) ( , | , , )H L
k j k ja k j a k jα α γ α α γ<             (10) 

So, when the taste is strong, H
k kα α= , the threshold ( , | , , )H

k ja k j α α γ  is low and, as stated in 

Proposition 2(i), is below ( ,0 | , , )H
k ja k α α γ , such that  

 { }max ( , | , , ), ( ,0 | , , ) ( ,0 | , , )H H H
k j k j k ja k j a k a kα α γ α α γ α α γ=         (11) 

This means that if the updated ability a′ falls below this threshold, dropping out of college 
becomes the best option, rather than switching to the “easier” major j.    

Along similar lines, Proposition 2(ii) shows that when the taste for major kα  is low:  L
k kα α= , 

then ( , | , , )L
k ja k j α α γ  is relatively large, so 

 { }max ( , | , , ), ( ,0 | , , ) ( , | , , )L L L
k j k j k ja k j a k a k jα α γ α α γ α α γ=         (12) 

and therefore, if the updated ability  a′  falls just below this threshold, then switching to major j  
is a better option than dropping out. The latter option becomes dominant only for students with 
substantially lower realizations:  ( ,0 | , , )L

k ja a j α α γ′ < .   

Furthermore, since ability threshold  ( ,0 | , , )k ja k α α γ   declines in kα , we can write: 

( ,0 | , , ) ( ,0 | , , )H L
k j k ja k a kα α γ α α γ<             (13) 
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which, combined with (11) and (12), yields: 

( ,0 | , , ) ( , | , , )H L
k j k ja k a k jα α γ α α γ<             (14) 

This means that the ability threshold for persisting in the demanding major k is lower for students 
who have stronger taste kα  for it.  

We summarize the results of the above analysis as the following:  

Corollary.  Consider a student who was enrolled in the demanding major k based on the original 
estimate of academic ability 0a . If the student receives a downgraded signal of her ability 

0a a′ <  through the GPA grade received in the course of studies, the menu of actions she will take 
depends on the strength kα  of her taste for the major. The taxonomy of the possibilities is as 
follows. 
(i) If the taste for major k is relatively strong, H

k kα α= , i.e., such that the ability threshold for 
major j becoming preferable to major k is sufficiently low: 

( , | , , ) ( ,0 | , , )H H
k j k ja k j a kα α γ α α γ<         (15) 

then only the following two outcomes apply depending on the student’s ability realization: 
- the student will choose to persist in major k if ( ,0 | , , )H

k ja a k α α γ′ > ; 

- the student will choose to drop out of college if ( ,0 | , , )H
k ja a k α α γ′ < . 

(ii) If the taste for the major is relatively weak, L
k kα α= , i.e., such that the opposite of inequality 

(15) holds, then the following three outcomes apply depending on the student’s ability 
realization: 

- the student will choose to persist in major  k , if ( , | , , )L
k ja a k j α α γ′ > ; 

- the student will choose to switch to major  j , if ( ,0 | , , ) ( , | , , )L L
k j k ja j a a k jα α γ α α γ′< < ; 

- the student will choose to drop out of college if ( ,0 | , , )L
k ja a j α α γ′ < . 

(iii) Ability threshold for persisting in major k is lower for students with H
k kα α=   than those 

with L
k kα α= .  Therefore there is an interval of updated ability levels 0a a′ < , under which  

students from the former group will persist in major k whereas students from the latter group 
will abandon it. Thus other things (including direct sensitivity to grades) equal, students with 
higher taste for the major will exhibit stronger persistence in it.   

It now remains to observe that the results of the Corollary fit remarkably well with the patterns 
of gender differences demonstrated in our empirical analysis in terms of explaining revealed 
responsiveness to grades received in a major by a student’s preferential attachment to it rather 
than simply due to exogenous sensitivity to grades.  Specifically, our empirical results had shown 
stronger persistence of men in STEM despite stronger direct sensitivity to grades they exhibit 



41 
 

there This is due to men’s higher taste for this academic area, which is able to override the 
opposite gap in grade sensitivity.  When it comes to students starting in BE, also a demanding 
area, we found that women exhibit relatively stronger persistence, which is due to their higher 
taste for the discipline along with similar level of sensitivity to grades there as on the part of 
men. Again, these empirical results are well-explained by the theoretical ones in the Corollary 
and would have presented a puzzle based on the premise of direct “grade-sensitivity”.   

Our empirical results for SSH-starters showing that women’s stronger persistence there despite 
their demonstrated weaker sensitivity to grades in these disciplines compared to men’s can be 
likewise explained following an analysis similar to the Corollary’s but applied to students who 
started out in a less demanding major. This then shows that women’s stronger taste for the major, 
which they are found to have in SSH, can override the other gender’s stronger sensitivity to 
grades in it.   

7. Concluding Comments 

Our results affirm that male students exhibit significantly stronger persistence than women, 
ceteris paribus, in STEM disciplines, and that this gender differential is the strongest among 
students receiving low grades there. We also found that, among students starting but not 
persisting in STEM, women dominate in migration to SSH and OP, and that this dominance, 
again, strengthens as grades decline. These results appear consistent with what the literature has 
characterized as stronger “grade sensitivity” among women.   

We were, however, able to demonstrate that this pattern does not extend to other disciplines. It is 
women who exhibit superior persistence among SSH- and OP-starters, and this superiority 
strengthens as grades decline. These results are qualitatively true also for BE-starters, albeit with 
smaller gender gaps. These somewhat unexpected results are, to our knowledge, novel 
contributions to the literature on the subject, owing to the uniquely rich IU Learning Analytics 
data, which allowed us to look at student migrations across the whole spectrum of disciplines, 
whereas the existing literature primarily focused on persistence in STEM alone.  

Importantly, these new results challenge the conventional explanation of women’s inferior 
persistence in STEM and the facts of their predominance in migrating to more generously 
grading disciplines based on women’s stronger “grade-sensitivity”, interpreted as lower tolerance 
for bad grades per se.  We have advanced and successfully tested an explanation that reconciles 
diverging gender differentials across different disciplines. Our main thesis is that stronger 
responsiveness to grades, rather than being a gender-specific phenomenon universal across 
academic fields, is more likely to reflect gender differences in students’ underlying tastes for 
academic fields, whose existence in principle has been documented in the literature. According 
to this argument, contrary to a commonly suggested understanding that a student’s ingrained 
stronger “grade-sensitivity” makes her/him less attached to academic disciplines known to assign 
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lower grades, it is a student’s weaker taste toward a field of study that is likely to make her/him 
more “sensitive” to grades received in it. 

Our econometric analysis specifically estimates male and female students’ comparative tastes for 
their academic disciplines as well as their tastes for grades received in these disciplines. We are 
then able to demonstrate that the empirical facts of differential gender patterns in persistence in 
disciplines and migration to academic alternatives are consistent with the model by being 
produced as combined results of students’ decisions based on their taste-based evaluations of 
fields and grades which come with them.     

While studying the factors behind student persistence in or attrition from a starting academic 
category, we focused on student migrations to alternative academic categories. We also 
documented student choices to drop out from IU entirely as an available option when not 
persisting in a starting discipline. Although detailed analysis of the factors determining students’ 
decisions to drop out goes beyond the scope of this study, it does offer insights for fruitful novel 
lines of inquiry into students’ dropout decisions. As articulated by Manski (1989), a decision to 
drop out reflects a student’s assessment that his/her expected welfare value of the outside options 
is superior to that associated with persisting in college given the student’s performance. The task 
of modeling student valuations of alternative options available to them can clearly be carried out 
in the framework of our econometric analysis, factoring in the discipline and grade components 
of student preferences, relative to the dropout option. For instance, a student pursuing STEM or 
BE and receiving poor grades there, is more likely to decide to drop out rather than switch to 
“softer” alternatives, if he/she attaches low combined welfare values to the latter and expected 
grades there. The insights developed in this paper allow us to conjecture, in particular, that men 
who perform poorly in STEM or BE, enough to decide to exit these disciplines, are more likely 
to drop out of the university rather than switch to an academic alternative such as SSH, relative 
to comparable women, controlling for other relevant characteristics.    
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Appendix 2 

Proof of Lemma. 

Consider student optimization problem (5) student of ability level  a  whose utility function has 
the weight coefficients  for , andm m k jα γ= , which is formulated in terms of choosing a 

major and the effort level to exert within it.  Let  ( , , )m mV a α γ  stand for the value function of the 
problem of maximizing the utility function U  by a student of ability level  a  and weight 
coefficients  ,mα γ  within major  m, i.e., the highest welfare the student can achieve were he/she 
to pursue major  m.  This means that problem (5), where student index i is dropped for brevity, 
for the student can be stated as that of choosing between majors with the higher of the values  

( , , )k kV a α γ , ( , , )j jV a α γ  where 

( )( , , ) max ( ) ( ( ))m m m m
e

V a U u ae v e s g aeα γ α γ= = − +         (A.1) 

Let a student of ability level a′  and utility function weight coefficients for , andm m k jα γ=  
prefer major  k  over major  j,  or be indifferent between the two, i.e.,  

( , , ) ( , , )k k j jV a V aα γ α γ′ ′≥        (A.2) 

and let a a′′ ′> .  We shall prove that students of ability a′′  with the same utility weights will 
strictly prefer major k over major j. 

Using the Envelope Theorem, we can write for major m=k, j: 

( ( )) ( ) ( ( ( ))) ( ( )) ( )m
m m m m m m m m

V u ae a e a s g ae a g ae a e a
a

α γ∂ ′ ′ ′= +
∂

   (A.3) 

where ( )me a  is the student’s optimal level of effort in major m as defined by (A.1).  Then, 
according to the first order conditions of optimum in (A.1), the expression (A.3) can be rewritten 
as: 

( )( ( ))m m
m

V e av e a
a a

β∂ ′=
∂

        (A.4) 

This expression increases in the effort argument  ( )me a  since function  v(.)  is convex.  It now 
remains to refer to Assumption 1, which implies that ( ) ( )k je a e a> , so according to (A.4), 

jk VV
a a

∂∂
>

∂ ∂
.  Combining this with (A.2), it is straightforward to conclude that 

( , , ) ( , , )k k j jV a V aα γ α γ′′ ′′≥  for any a a′′ ′> , as required. 

The proof of the complementing result: if a student of given ability prefers the less demanding 
major  j  over major  k  or is indifferent between the two, then student of a lower ability will have 
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the same preference, is completely analogous to the above.  We have thus established that 
controlling for the utility weight coefficients, the difference between a student’s valuation of the 
two majors,  

( , , ) ( , , )k k j jV a V aα γ α γ−  

strictly increases in student’s ability. According to Lemma’s provision, this difference is positive 
for ability levels above the threshold, and negative for those below it.  This completes the 
Lemma’s proof.  █  

 

Proof of Proposition 1. 

Let a student of ability level 0 0 ( , )a a k j=  and utility function weight coefficients 0 0,α γ   be 
indifferent between majors k and j, as per Lemma, i.e.,  

0 0 0 0 0 0( , , ) ( , , )k k j jV a V aα γ α γ=        (A.5) 

According to the Envelope Theorem applied to problem (7), we can write: 

( ( ))m
m

m

V u ae a
α
∂

=
∂

         (A.6) 

( ( ( )))m
m m

V s g ae a
γ

∂
=

∂
         (A.7) 

Since, according to (A.6), 0k

k

V
α
∂

>
∂

 for any kα , (A.5) implies that 

0 1 0 0 0 0( , , ) ( , , ) 0k k j jV a V aα γ α γ− >  for any 1 0
k kα α> .  Applying the reasoning in the proof of 

Lemma to this inequality implies that the ability threshold 1 1( , )a a k j=  such that 
1 1 0 1 0 0( , , ) ( , , )k k j jV a V aα γ α γ=  is lower than the threshold 0 0 ( , )a a k j=  defined by equality 

(A.5). In other words, the ability threshold at which a student is indifferent between the majors 
declines in the strength kα  of her taste for more demanding major  k. This proves result (i) of the 
Proposition.   

Following completely analogous logic, 0 0 0 0 1 0( , , ) ( , , ) 0k k j jV a V aα γ α γ− <  for any 1 0
j jα α> , and 

so the reasoning in the proof of Lemma 1 then implies that the ability threshold at which 
2 0 0 2 1 0( , , ) ( , , )k k j jV a V aα γ α γ=  is higher than 0 0 ( , )a a k j= , such that the ability threshold at 

which a student is indifferent between the majors increases in the strength jα  of her taste for 

less demanding major  j.  This proves result (ii) of the Proposition.  

Finally, to prove result (iii), we shall derive inequality  
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jk VV
γ γ

∂∂
<

∂ ∂
             (A.8) 

for any γ , from additional parametric conditions on coefficients mα  for m=k,j. 

According to expression (5) for the value functions of student utility maximization problems by 
major, equality (A.5) can be restated as 

 ( ( ( ))) ( ( ( ))) ( ( )) ( ( )) ( ( )) ( ( ))k k j j k k j j k js g ae a s g ae a u ae a u ae a v e a v e aγ α α     − = − − + −           (A.9) 

According to expression (A.7), inequality (A.8) is equivalent to the left-hand side of equality 
(A.9) being negative, i.e.,    

( ( )) ( ( )) ( ( )) ( ( ))k k j j k ju ae a u ae a v e a v e aα α− > −  

whereas we note that ( ( )) ( ( )) 0k ju ae a u ae a− >  and ( ( )) ( ( )) 0k jv e a v e a− >  since ( ) ( )k je a e a>  

and both functions are increasing. According to (3), we can rewrite the above inequality as 

( )( )( ( )) ( ( )) j jk k
k k k j j j

h gh gu h g u h g v v
a a

α α
  − > −   

   
 

According to Largrange formula, this will hold if  
1 1

min ( ) ( ) ( ) ( ) ( ) ( )k k j j k k j ju h g h g v a h g h g aα θ χ − −′ ′   − > −    ,  

i.e., 
1

min
( )

( )
v a

au
χα θ

−′> ′            (A.10) 

where { }min min ,k jα α α=  and ( ), ( ), ( )j j k kh g h gθ χ ∈ .   

Since u(.) is concave and v(.) is convex, inequality (A.10) will hold, if as stipulated in the 
Proposition, the weights kα  and jα  student places on her tastes for human capital associated 

with respective majors are large relative to the weight on disutility of effort (which as we recal 
has been normalized to 1) per following parametric condition: 

( )
1

min
( ( ))

( )
k

k

v a h g
au h gα

−′> ′  

where as defined earlier, a  is the lower bound on ability while g  is the highest grade in the 
grading scale. As argued above, this condition ascertains inequality (A.8), which in turn implies 
that 0 0 0 0( , , ) ( , , )k jV a V aα γ α γ′ ′<  holds for any 0γ γ′ > .  This completes the proof of result (iii) 

and Proposition 1 overall.  █ 
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