
Available  online  at  www.sciencedirect.com

ScienceDirect
HOSTED BY

EconomiA 19 (2018) 90–104

Estimating the effects of partial withdrawals on GPA through time:
Evidence from the University of Puerto Rico

Horacio Matos-Díaz
Department of Business Administration, University of Puerto Rico at Bayamón, Bayamón, Puerto Rico 00959-1919

Received 14 May 2016; accepted 25 October 2017
Available online 2 November 2017

In loving memory of my beloved son Horacio Matos-De Jesús (March 12, 1983–December 20, 2009)

Abstract

Although a direct relationship among partial withdrawals (Ws), GPA and grade inflation (GI) is suggested in prior research, this
study demonstrates just the opposite. Evidence from a detailed panel-data comprising 34,426 sections offered in the UPR-Bayamón
during 36 consecutive terms demonstrates that (1) traditional GI and the GI attributable to Ws  run in opposite directions; (2)
unobserved faculty heterogeneity, academic fields, as well as courses and academic environment characteristics exert strong and
significant effects on both GPA and the GI attributable to Ws  and (3) student evaluations of teaching are inversely and significantly
related to Ws  and to the GI attributable to them.
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1.  Introduction

The purpose of this study is to empirically test the arguments invoked to attribute a direct relationship between partial
withdrawals (Ws) and student grade point average (GPA), as it is assumed in extant literature (hereafter “the conventional
explanation”). The conventional explanation has been taken for granted and used to explain grade inflation (GI) at
different US universities without a direct statistical testing.1 For the conventional explanation to hold, two conditions
should be required. First, cross-sections or time-series data depicting clearly the direct relationship between Ws  and
GPA should be gathered. Second, the conjecture that Ws  cause GI would be sustained only if the increases in GPA, which
could be attributable to Ws, could be isolated and might exhibit an upward temporal tendency. Otherwise, the conjecture
should be rejected. None of the previous studies have accomplished these aforementioned conditions. Conversely, this
study satisfies both requirements and demonstrates that GPA and GI inversely vary with Ws. To this end, a detailed
panel-data comprising 34,426 sections offered in the University of Puerto Rico at Bayamón (UPR-Bayamón) during
E-mail address: horacio.matos1@upr.edu
1 Refer to Hoyt and Reed (1976), Mc Spirit and Jones (1999), Rosovsky and Hartley (2002) and Oglive and Jelavic (2013).

https://doi.org/10.1016/j.econ.2017.10.004
1517-7580 © 2017 The Author. Production and hosting by Elsevier B.V. on behalf of National Association of Postgraduate Centers in Economics,
ANPEC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.econ.2017.10.004&domain=pdf
http://www.sciencedirect.com/science/journal/15177580
https://doi.org/10.1016/j.econ.2017.10.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:horacio.matos1@upr.edu
https://doi.org/10.1016/j.econ.2017.10.004
http://creativecommons.org/licenses/by-nc-nd/4.0/


3
w
n
w

o
c
u
r
t

i
i
m
c

2

s
w
(
S
p
i

s
a
a
r
r
N
E
a
t

o
o
r
p
T
d
a
a

a

p
(

1

H. Matos-Díaz / EconomiA 19 (2018) 90–104 91

6 consecutive terms, from fall 1995 to spring 2013, is used. The contextualization of these contradictory relationships
ould have policy implications for students, universities and society. In order to put this issue in perspective, it would be
ecessary to discuss the phenomenon of GI, as well as the arguments developed to justify the conventional explanation,
hich will be discussed in the following sections.
Furthermore, this paper aims to uncover and estimate the impact of Ws  on GPA at section level and the Ws  effect

n the GI prevailing at the UPR-Bayamón. It contributes to the literature by (1) using a unique longitudinal data-set
ontaining detailed information of all sections offered in UPR-Bayamón during 18 consecutive academic years; (2)
ncovering and measuring the effects of Ws  on GPA and GI; (3) showing that traditional GI and GI attributable to Ws
un in opposite directions; (4) analyzing the impact of unobserved faculty heterogeneity on GPA and the GI attributable
o Ws  and (5) measuring the effects of student evaluations of teaching (SET) on GPA.

The remainder of the paper is organized as follows: Section 2 is devoted to a brief discussion of GI, as well as
naccuracies of the conventional explanations offered for the relationship between Ws  and GPA and proposes a new
ndex to measure their relationship more accurately. Section 3 is devoted to the discussion of data and the statistical
odel to be estimated. Section 4 discusses the empirical results. Finally, Section 5 presents a summary and the

onclusions.

.  Grade  inflation  in  a  nutshell

Research on GI has been ongoing for over 50 years (Oglive and Jelavic, 2013). The idea behind the concept is very
imple: in order for GI to hold, it would be necessary to document a significant upward temporal tendency of GPA
ithout a concomitant increase in academic achievement, other things equal.2 This trend has been widely documented

Johnson, 2003; Johnes, 2004; Hu, 2005). Rosovsky and Hartley (2002) discuss several explanations for GI, including
ET, as well as liberal changes in university withdrawal polices, among others.3 In the economics literature, the
henomenon of GI has been strongly associated with SET processes, which have been adopted by practically all
nstitutions of higher education across the United States.

According to the leniency hypothesis (Gump, 2007), faculty members can buy higher SET ratings, recruit more
tudents or even become more popular, by relaxing their academic standards through leniency grading. McKenzie
nd Staaf (1974), McKenzie and Tullock (1975), McKenzie (1975), Lichty et al. (1978), Kanagaretnam et al. (2003)
nd Love and Matthew (2010) have developed theoretical economic models that rationalize this conjecture and its
elationship to GI. Following the general guidelines of those models, a series of studies have analyzed the statistical
elationships between SET ratings and students’ known or expected grades (EG) using different econometric methods.4

ormally, researchers present statistical evidence in favor of (or against) the interdependence between the SET and
G that leads them to infer that there is or there is not GI. It should be emphasized that a relationship between EG
nd SET would provide a plausible explanation for high grades, but not for GI which, as stated, refers to an upward
emporal trend in grades.

Several empirical studies estimate GI rates at different universities. Jewel et al. (2013), using data from the University
f North Texas, report significant variations in GI rates over two decades. They attribute these variations to characteristics
f academic departments, university-level factors or instructor-specific characteristics. Grove and Wasserman (2004)
eport significant GI rates over the life-cycle pattern of collegiate GPAs of five consecutive cohorts at a large US
rivate university. Sabot and Wakeman-Linn (1991) analyze the problems of GI as well as those of grade divergence.
hey present comparative evidence on the average academic grades given from 1962–1963 to 1985–1986 by the

ifferent departments of seven US universities and find that grades tend to increase, but with marked differences
mong departments implying grade divergence. The issue of grade divergence is analyzed in detail by Freeman (1999)
nd Achen and Courant (2009). Matos-Díaz (2012) analyzes the issues of reductions in academic standards and lenient

2 In order to measure GI accurately, it is necessary to control for student quality, as well as technological changes embodied in faculty members
nd the university academic facilities.
3 They discuss seven possible explanations: 1) the sixties and the Vietnam War; 2) response to student diversity; 3) new curricular and grading
olicies; 4) SET; 5) students as consumers; 6) watering down content and 7) the role of adjunct professors. For details, refer to Rosovsky and Hartley
2002) and the references cited therein.
4 The methods used include OLS (Dilts, 1983), 2SLS (Krautmann and Sander, 1999; Nelson and Lynch, 1984; Seiver, 1983), 3SLS (Zangenehzadeh,
988), as well as fixed-effects models (Isely and Singh, 2005; McPherson, 2006).
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grading as well as their relationship with the SET process at UPR-Bayamón. Results suggest that faculty members
might be able to increase enrollment in their courses, get better SET ratings and/or improve their teaching schedules
by adjusting their academic standards in order to increase students’ EG and by promoting the academic conditions
that would transform pessimistic relative EG into optimistic ones. In a recent study, Matos-Díaz (2014) confirms
that such strategies have led to a decrease in academic standards at UPR-Bayamón, giving rise to both GI and grade
divergence.

Much of the preceding research has been devoted to examining the relationship between SET and GI. Overlooked in
the literature, however, is the relationship between GI and other possible explanations for the phenomenon offered by
Rosovsky and Hartley (2002); particularly, the role of Ws. According to the conventional explanation, Ws  give students
the opportunity to drop from those courses in which their expected grades are too low and thus allow them to avoid
decreases in their GPA. If so, increases in GPA should be expected to the extent that universities relax or democratize
their Ws  policies.

2.1.  Ws,  GPA  and  GI:  what  is  wrong  with  the  conventional  explanation?

Ws  can increase students’ time until graduation and the total cost of the degree. Moreover, they could predict
or signal total withdrawals and attrition from college, inducing a decrease in college graduation rates. For some
researchers (e.g., Zwick and Sklar, 2005), the best criterion to measure an institution’s academic success is, pre-
cisely, the proportion of students that complete their degrees in the allotted time. In this context, low graduation rates
have a negative impact on institutions’ rankings and, consequently, on their ability to attract students with greater
academic potential. Moreover, student attrition represents a fiscal cost to institutions in terms of lost revenues from
tuition, room and board and alumni donations (Schuh, 2005; Raisman, 2013). Attrition also constitutes a problem
for society in general by reducing availability of college-educated workers in the labor market (Bound et al., 2007).
It also has a negative impact in terms of lower tax receipts for federal and state governments (Schneider and Yin,
2011). Although these considerations are beyond the scope of this research, they illustrate how important it is to
model the determinants of Ws  and their impact on GPA and GI, which are, precisely, important components of this
paper.

Why should Ws, GPA and GI move in the same direction? The conventional explanation for this relationship runs
as follows. According to students’ criteria, the likelihood to withdraw from a course is directly related to its intrinsic
difficulty level. Based on their performance on quizzes, presentations, papers, partial examinations and other academic
activities, students form expectations of their probabilities to pass or fail the course. Those who are confident that they
will pass, or obtain the grade they want, will complete the course, while those who are not will withdraw. If the deadline
for Ws  is scheduled too early in the term, students will have to decide whether to remain in, or to drop courses with great
uncertainty since the information gathered by that time may not be sufficient to make accurate predictions. Therefore,
it is likely that, based on their actual academic performance, many students wrongly decide to drop the course. Such an
uncertainty would tend to diminish to the extent that deadlines for Ws  are scheduled closer to the end of the term. By
that time, each student should have enough academic information to make an accurate decision. Thus, students might
use the new academic information to withdraw exclusively from those courses in which they are failing or that threaten
their GPA. Therefore, Ws  would allow cleaning each section by separating academically lagging students, who will
withdraw, from those who will remain in the course. In such cases, students who drop will not experience the expected
decrease in their GPA and the overall GPA of the students who remain in the course will increase. Hence, the GPA of
both groups, i.e. of those who drop and of those who remain in the course, will increase by the liberalization of the Ws
policies, other things equal.

Arguments very close to the conventional explanation have been invoked in order to understand GI at particular US
institutions, such as Kansas State University (Hoyt and Reed, 1976) and Eastern Kentucky University (Mc Spirit and
Jones, 1999). A similar argument is also implicit in Rosovsky and Hartley’s (2002) third explanation for GI, regarding
new curricular and grading policies. Recently, Oglive and Jelavic (2013) have retaken the discussion of this issue.

However, this explanation is wrong since GPA and Ws  inversely vary.

The conventional explanation predicts a direct relationship between Ws  and the GPA of both students who withdraw
from a course and of those who remain in it. An unobservability problem makes this prediction wrong in both instances.
That is, by the end of a term one can observe the effect of students’ decision only on the GPA of those who completed
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he course, but one cannot know how those who withdrew would have performed if they had not done so. To shed light
n this issue, consider the definitions included in expressions (1)–(4):

(GPAi|Ws) =  GPA of student i  after dropping, (1)

(GPAi|Ws) =  GPA if student i had not dropped, (2)
(
GPAj|Ws

) =  overall GPA of students in section j  after their classmates have dropped, (3)
(
GPAj|Ws

) =  overall GPA of section j  if none of the students had dropped. (4)

It should be expected that Eqs. (1) > (2) and (3) > (4). If so, the net benefit arising from Ws  could be measured using
xpressions (5) and (6):

(GPAi|Ws) − (GPAi|Ws) ,  (5)
(
GPAj|Ws

) − (
GPAj|Ws

)
. (6)

However, only the first terms of expressions (5) and (6) are observable. Unless the second terms are computed,
t would not be possible to uncover the relationship among Ws, GPA and GI at both the student and section levels,
espectively. None of the published studies until now have undertaken such a task. Therefore, even though the conven-
ional explanation appears to be intuitive and convincing, it is based on anecdotal evidence and lacks empirical and
heoretical content.5 This study aims to fill such a gap.

A caveat is in order here. To replicate the suggested method at student-section level (expression (5)), the dimensions
f the data matrix should be increased substantially in order to accommodate the academic records of the students
nrolled in each one of the 34,426 sections analyzed, as well as the covariates defining their characteristics. A panel
t such specificity levels is unavailable. Thus, this study uses the section as the unit of analysis. Nevertheless, suppose
hat student-section is the unit of analysis instead of the section and let PWs  ∈  [0, 1) be the proportion of Ws  observed
t section j or in the academic record of student i. By the end of a term, only the integers {0, 1, 2, 3, 4}  corresponding to
etter grades {F, D, C, B, A}, for each course completed by student i, or {W}  for each one withdrew (missing), will be
bserved. Thus, GPA is not defined and maximum likelihood methods, such as ordered probit or ordered logit, should
e used to model the probability of each letter grade. Correcting for selectivity in such cases might be a challenge
Heckman, 1979).

As indicated above, Ws  directly vary with the intrinsic difficulty of the course, according to students’ criteria. In the
imit, when course difficulty approaches zero, the average GPA approaches its maximum (implying grade compression)
nd PWs  will tend toward zero. Conversely, in courses with greater difficulty, Ws  will also increase and the GPA observed
y the end of the term will be significantly lower than that observed in less difficult courses. Therefore, Ws  and GPA
hould move in opposite directions.

In order to make the second term of expression (6) operational and measurable, it is supposed that, without the option
f Ws, the most likely academic outcome would be that students fail the course. It could be possible that some students
ecide to withdraw for reasons not directly related to the course’s inherent difficulty, such as economic adversities,
ersonal problems, illnesses, etc. But even in such cases, one might expect that failing the course would be the most
ikely academic outcome had they decided to remain in the course under such circumstances. Otherwise, why should
hey withdraw from the course?

Hence, in order to account for and make expression (4) observable and tractable, the following modification is
uggested:
(
GPAj|Ws

) =
{

(As  · 4 +  Bs  ·  3 +  Cs  ·  2 +  Ds  · 1 +  (Fs  +  Ws) · 0)

(As  +  Bs  +  Cs  +  Ds  +  Fs  +  Ws)

}
. (4.1)

5 In the first place, evidence from this study clearly demonstrates that at both the section and student levels, Ws and GPA move in opposite
irections. Moreover, even if they directly vary, such as wrongly suggested by the conventional explanation; it should be mentioned that after Ws, the
uality of the students who remain in the section would increase. If student quality increases, then GPAs should also increase. Therefore, labeling
uch a direct relationship as GI would be inaccurate.
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After plugging Eq. (4.1) into Eq. (6), the maximum increment in the GPA of section j that could be attributable to
Ws might be measured using the index proposed in expression (7). GI attributable to Ws  would be documented to the
extent that the index would increase over time.

yWs
j = (

GPAj|Ws
) − (

GPAj|Ws
) ⇒  yWs

j

{=  0 if Ws  =  0

> 0 if Ws  ≥  1
. (7)

Thus, three working hypotheses arise from this study. (1) Contrary to prior studies, an inverse and significant
relationship between Ws  and the GPA observed in each section by the end of the term is predicted. (2) Under specific
circumstances, Ws  really account for a significant proportion of the increment in the GPAs observed at the section level.

Moreover, their effect could be modeled using the proposed index
(
yWs
j

)
, which would be predicted to significantly

vary with the courses, institutional academic environment and faculty characteristics. (3) The time trends of traditional
GI and the increases in GPA attributable to Ws, measured through yWs

j , would move in opposite directions.

3.  Data  and  empirical  model

3.1.  Data  description

The UPR-Bayamón is an autonomous unit of the UPR system. Accredited by the Middle States Association of
Colleges and Secondary Schools, it offers associate and bachelor’s degrees, as well as articulated transfer programs
to the Río Piedras, Mayagüez and Medical Sciences campuses. In the fall of 2013, total enrollment at UPR-Bayamón
was 5,075, including 4,305 full-time students.

As stated earlier, this study uses a detailed panel-data comprising 34,426 sections (hereafter the “whole sample”)
offered in the UPR-Bayamón from 1995 to 2013. For each one, the following variables are available: enrollment;
instructor who taught the course; letter grade distribution (As, Bs, Cs, Ds, Fs  and Ws); GPA; variance of the GPA

distribution; adjusted GPA (AGPA); effect of Ws  on GPA
(
yWs
j

)
and academic fields (21 dummies). Dummies control

for academic schedule (weekdays and hours) and for summer terms. For each faculty member in the sample, the
following time-varying variables are available: age; experience (semesters teaching at the institution); academic rank;
degree and tenure status. Dummies control for instructor’s gender and whether or not SET were conducted in the
section. A semi-continuous variable TT ∈  [1, 36] identifying semester/year is included to capture time trend (structural
change) effects.6 Appendix A describes the variables used.

To estimate the proposed index
(
yWs
j

)
, the analysis should be restricted to the set of 24,956 sections where Ws  >  0

(sub-sample 1). All 9,470 sections of the complementary set where Ws  = 0 were excluded (sub-sample 2). The GPAs
of sub-sample 1 should be adjusted using expression (4.1).

3.2.  Model  to  be  estimated

The preceding discussion suggests that the increase in GPA (potential GI) attributable to the Ws  observed in section
j of the course taught by professor p  is modeled as:

yWs
jp = (

α0 +  �p

) +
21∑

k=2

βkAFk +  φTT +  �Female  +  �Tenure  +  �SET  +  �Xjp +  εjp (8)

AFk = academic fields, TT = time trend, Xjp = a vector of control variables and εjp = composite error term. Unobservable
faculty heterogeneity

(
UFH =  �p

)
is modeled as both fixed- and random-effects. Academic field specific-effects can
be accounted for using their estimated coefficients (�̂k). The estimated coefficients �̂, �̂  and �̂  control for gender, tenure
and SET specific-effects, respectively. Control variables include faculty rank, age, degree and experience; weekdays
and time of the course; section size and summer session.

6 Sections offered during summers are counted as part of fall sessions.
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To hold the hypothesis that GI could be attributable to Ws, φ̂ should be positive and significant. If, looking for better
ET ratings, faculty members reduce their academic standards through leniency grading, it should be expected that Ws

end to decrease in all courses under SET. If so, �̂ should be negative and significant. If compared to males, females
re easy (tough) graders, then �̂  should be negative (positive) and significant. It can be conjectured that, compared
o tenured faculty, non-tenured will be more responsive to student demands for leniency grading. If so, �̂  should be
egative and significant. Finally, it should be expected that the vector of estimated �̂ coefficients be significant, but
heir signs might move in either direction.

.  Results  and  discussion

.1.  Stylized  facts  of  Ws

This section discusses results from the whole sample of 34,426 sections offered in the UPR-Bayamón from 1995 to
013, reported in Appendices B and C. According to Appendix B, during the 36 terms studied, the ratio of Ws  to total
nrollment was 11.19%. This ratio decreased over time, from 13.21% in the fall 1995 term to 8.58% in the spring 2013
erm. During the same period, GPA increased from 2.54 to 2.78. Thus, evidence is consistent with GI; however, the
roportion that could be attributable to Ws  decreased over time. This result points to diminishing academic standards,
ince course difficulty and Ws  move in the same direction.

Appendix C reports several important facts of Ws  by academic fields. The service departments responsible for
ffering the highest number of sections were English (3,483), Mathematics (3,262), Humanities (2,583) and Spanish
2,582). The PWs  in mathematics courses was the greatest (30%), while the respective proportions in the English,
umanities and Spanish courses were 7.9%, 7.3% and 5.28%. Two other service programs exhibiting high PWs
ere Economics & Statistics (16.98%) and Chemistry (15.56%). The last column of Appendix C transforms Ws  into

quivalent sections by academic field. This was done by dividing each Ws  value by the average section size of the
espective academic field. The total Ws  (89,160) observed during the period would require offering 3,798 equivalent
ections in order to satisfy future demand.

In order to gauge the economic and academic consequences entailed by Ws, it will be necessary to estimate their
osts. If the equivalent sections were offered by part-time faculty and were paid through the mechanism of additional
ompensations ($2,000 per section), then their lower-bound monetary cost would be around $7.6 million. However,
heir true cost might be significantly higher. The 3,798 equivalent sections are greater than the total sections offered by
ervice departments such as English (3,483) and Mathematics (3,262) and greater than all the sections offered jointly
y six different programs.7 That is, Ws  entail a waste of resources greater than the whole budget assigned to and spent
y such programs during 18 consecutive years. This is, indeed, a significant waste of scarce resources.

.2.  On  the  temporal  relationship  among  Ws,  GPA  and  GI

The last three columns of Appendix B report the distributions of GPAs and yWs by term. GPAs in column D belong
o the whole sample, while those in column E belong to sub-sample 1. Both series exhibit an increasing tendency across
ime consistent with GI. Each GPA in D is greater than its counterpart in E. On the other hand, yWs diminishes over
ime, indicating the decreasing contribution of Ws  to AGPA. Such a decreasing tendency is clearly depicted in Fig. 1.

In order to isolate the relationship between Ws  and GI, three different scenarios are considered: the whole sample
nd sub-samples 1 and 2. From each sample, and for each of the 36 terms studied, the average GPA is computed. The
hree series are plotted in Fig. 2. Each exhibits an increasing tendency over time (GI). However, sub-sample 2 (Ws  = 0)
xhibits the highest GPA by term, ranging from 2.97 to 3.13. Conversely, sub-sample 1 (Ws  >  0) exhibits the lowest
PA by term, ranging from 2.41 to 2.60. Just in the middle lies the whole sample, in which case GPA by term ranges
rom 2.54 to 2.78. Therefore, contrary to what is predicted by the conventional explanation, Fig. 2 clearly demonstrates
hat Ws  and GPA move in opposite directions. Furthermore, for the whole sample, the partial correlation coefficient
etween Ws  and GPA is −0.53. The coefficient is equal to −0.49 for sub-sample 1. Both estimated coefficients are highly

7 The programs are Marketing (661), Materials Management (186), Finance (706), Engineering Transfers (414), Chemistry (926) and Economics
 Statistics (835), for a total of 3,728 sections.
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Fig. 1. Time path of yWs at UPR-Bayamón.
Fig. 2. GPA through time under different scenarios at UPR-Bayamón.

significant at conventional levels. Thus, empirical evidence does not allow for rejecting the first working hypothesis
formulated: Ws  and GPA move in opposite directions over time.

The inverse relationship between Ws  and GPA documented at the section level gives rise to a counterfeit conjecture.
If the unobservability issue discussed in Section 2.1 is ignored, one might be tempted to think that the decreases in the
GPA observed after the increases in Ws  occur because, on average, the students who withdraw are academically better
than those who remain in the course. Evidence from a panel data used in prior studies at UPR-Bayamón, where the
student was the unit of analysis, shows that Ws  are highly concentrated in the lower-bounds of the GPA distribution.

However, at the higher-bounds, they are practically inexistent. Therefore, the reported inverse relationship holds also
at student level.8

8 For data details, refer to Matos-Díaz (2014).



H. Matos-Díaz / EconomiA 19 (2018) 90–104 97

( ) ( )

d
o
t
A
t
t
s
S
t

4

a
o
t
3
t
t
s

e
i
t

Fig. 3. AGPA GPA|Ws and GPA GPA|Ws Kernel distributions at UPR-Bayamón.

Consequently, one should explore the specific circumstances under which Ws  and GPA would move in the same
irection. To shed light on this issue, the GPAs of sub-sample 1 were adjusted according to expression (4.1). The series
f values of AGPA and GPA are plotted in Fig. 3. As mentioned earlier, the AGPA is constructed under the assumption
hat all the students who withdraw do remain in the course and receive a final letter grade of “F.” As expected, the
GPA Kernel lies to the left of the GPA Kernel. At section level, the difference between GPA and AGPA is equivalent

o the index proposed in expression (7). Thus, Ws  have the effect of shifting the unobservable AGPA distribution to
he right as shown by the arrows, causing GI. Only under such specific circumstances will Ws  and GPA move in the
ame direction and the GI attributable to them could be estimated. Hence, the second working hypothesis formulated in
ection 2.1 should not be rejected. However, none of the prior published studies have made such estimations. Therefore,

he conventional explanation for the relationship among Ws, GPA and GI is wrong.

.3.  Predicting  the  increase  in  GPA  attributable  to  Ws:  yWs
jp

Four different versions of model (8) were estimated and their coefficients are reported in Table 1. UFH was modeled
s both random- and fixed-effects. However, according to the Hausman test, the fixed-effects model is preferable to that
f random-effects.9 Thus, the random-effect estimates (Model 2) are included only for comparison purposes, while
he discussion is based on the fixed-effects estimated coefficients (Model 4).10 Two other specifications (Models 1 and
) are included in Table 1. Model 1 reports the panel least squares (PLS) estimates using all the covariates in order
o compare them with the random-effects model. On the other hand, Model 3 uses the same method, but deletes the
ime-invariant covariates (female and biology) to establish a comparison with the fixed-effects model. For all models,
tandard errors corrected for heteroskedasticity and contemporaneous correlation are reported in parentheses.11

The academic fields exert strong and significant effects on yWs
jp . For instance, 85% and 95% of the respective

ˆ
stimated �k coefficients of Models 1 and 3 are significant. However, when UFH is accounted for using fixed-effects
n Model 4, only 4 programs retain their significance.12 The superiority of UFH over academic field is evident when
he adjusted R-squares of Models 3 and 4 are compared. This coefficient increases from 0.19 (Model 3) to 0.3 (Model

9 The assumption of no correlation between the error term
(
εjp

)
and the explanatory variables is rejected at the 0.0000 significant level.

10 It should be mentioned that the fixed-effects model is unable to provide estimates of time-invariant covariates such as female and biology.
11 See EViews (2009, 649), for details.
12 The programs are Accounting; Economics & Statistics; Finance and Mathematics, which is only marginally significant.
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Table 1
Uncovering the effects of Ws on GPA.

Variables Model 1 Model 2 Model 3 Model 4

Constant 0.2751** (0.0119) 0.2687** (0.0213) 0.3643** (0.0108) −0.0342 (0.1449)
Accounting 0.1886** (0.0095) 0.1806** (0.0218) 0.117** (0.0093) 0.2472** (0.0546)
Biology 0.1474** (0.0095) 0.1179** (0.0205)
Chemistry 0.1842** (0.0087) 0.1529** (0.0206) 0.116** (0.008) −0.1204 (0.2146)
Computer Sciences 0.1301** (0.0093) 0.1145** (0.0205) 0.0537** (0.0082) −0.0087 (0.08)
Economics & Statistics 0.2398** (0.0135) 0.1018** (0.0193) 0.1681** (0.0125) 0.1013** (0.0235)
Education 0.0277** (0.0084) 0.0003 (0.0160) −0.0378** (0.0075) −0.0127 (0.0525)
Electronic 0.1519** (0.0109) 0.1581** (0.0267) 0.0734** (0.0099) 0.0695 (0.0795)
Engineering Technologies 0.1094** (0.011) 0.1016** (0.022) 0.0345** (0.0104) 0.0257 (0.0679)
Engineering Transfers 0.1219** (0.017) 0.1234** (0.0265) 0.0432** (0.0166) 0.0413 (0.0691)
English 0.0344** (0.0072) 0.0054 (0.0149) −0.0335** (0.006) 0.0513 (0.0804)
Finance 0.0302** (0.011) 0.0062 (0.0216) −0.0374** (0.0105) 0.0749* (0.038)
Humanities 0.0332** (0.0067) 0.0349* (0.0159) −0.0375** (0.0059) −0.0702 (0.1033)
Management −0.001 (0.0084) −0.0142 (0.0154) −0.0684** (0.0079) 0.0422 (0.0322)
Marketing −0.1047** (0.0081) −0.0897** (0.0194) −0.1721** (0.0076) −0.0098 (0.0408)
Materials Management 0.0042 (0.0191) 0.0049 (0.0277) −0.0724** (0.0188) −0.0634 (0.0693)
Mathematics 0.3088** (0.0084) 0.268** (0.0206) 0.2360** (0.0075) 0.1343†  (0.0752)
Physical Education −0.013 (0.0085) −0.0204 (0.0165) −0.0891** (0.0072) −0.0417 (0.0524)
Physics 0.1328** (0.0122) 0.1368** (0.0255) 0.0535** (0.0115) 0.0253 (0.085)
Office Systems 0.0696** (0.01) 0.0622** (0.0255) 0.0002 (0.0093) 0.0412 (0.1097)
Spanish −0.0211** (0.0068) −0.05** (0.0148) −0.0884** (0.0057) −0.1234 (0.1072)
Assistant Professor 0.0159** (0.0057) −0.0014 (0.0066) 0.0206** (0.0057) −0.0069 (0.0071)
Associate Professor 0.0253** (0.0062) 0.0129 (0.0084) 0.0287** (0.0063) 0.0054 (0.0098)
Professor 0.0631** (0.0068) 0.0427** (0.0107) 0.0694** (0.0069) 0.0308* (0.0132)
Doctorate −0.0193** (0.0043) 0.0026 (0.0074) −0.0202** (0.0043) 0.0087 (0.0094)
Female 0.0119** (0.0036) 0.0152†  (0.0089)
Professor’s Age 1.07E − 05 (0.0002) 0.0006 (0.0004) −0.0003 (0.0002) 0.0103** (0.0037)
Professor’s experience −0.0007** (0.0003) −0.0007 (0.0004) −0.0006* (0.0003) −0.0015†  (0.0009)
Tenure 0.0150** (0.0057) 0.0092 (0.007) 0.0136* (0.0057) 0.0044 (0.0078)
Class size 1 0.0692** (0.0053) 0.0544** (0.0052) 0.0684** (0.0053) 0.0506** (0.0053)
Class size 3 −0.0437** (0.0038) −0.0264** (0.0036) −0.0502** (0.0039) −0.0228** (0.0036)
Morning −0.0046 (0.0036) −0.0074* (0.0035) −0.0036 (0.0036) −0.007* (0.0036)
Night −0.0476** (0.0069) −0.0271** (0.007) −0.0503** (0.007) −0.0234** (0.0073)
Summer −0.1611** (0.0168) −0.174** (0.0159) −0.1562** (0.0169) −0.1727** (0.0162)
SET −0.0186** (0.0049) −0.0168** (0.0048) −0.019** (0.0049) −0.0172** (0.0049)
Five days a week (MTWTF) 0.0276** (0.0075) 0.0271** (0.0076) 0.0295** (0.0075) 0.0276** (0.008)
Monday & Wednesday (M&W) 0.0225** (0.0046) 0.0173** (0.0046) 0.0227** (0.0046) 0.0162** (0.0046)
Tuesday & Thursday (T&T) 0.0227** (0.0042) 0.0171** (0.0042) 0.0223** (0.0042) 0.0162** (0.0043)
Time trend −8.31E − 05 (0.0002) −2.91E − 05 (0.0004) −0.0001 (0.0002) −0.0037†  (0.0021)
Random- or fixed-effects? No, PLS Yes, R–E No, PLS Yes, F–E
Adjusted R-square 0.1937 0.0453 0.1856 0.2959
Cross-sections 851 851 851 851
Total panel observations 24,935 24,935 24,935 24,935
Notes: †, *, ** statistically significant at the 10, 5 and 1 percent levels (two-tailed test), respectively. PLS = panel least squares. For all models,
standard errors (in parentheses) are corrected for heteroskedasticity and contemporaneous correlation.

4), representing an increment of 58% in the total variation explained by the model. Therefore, UFH is responsible for
and explain a large proportion of the total variation observed around yWs

jp .13
The significance of faculty characteristics such as rank, degree, gender, age, tenure and experience depends on the
specification of the model. When UFH is accounted for (Model 4), only the covariates professor and age are significant
and positive; meanwhile, experience is negative, but only marginally significant. Compared to sections taught by

13 The null hypothesis stating that the fixed-effects are redundant should be rejected. The estimated cross-section F and Chi-square statistics are
5.59 and 4,492.81, respectively. Both statistics are significant at 0.0000 levels. For technical details, refer to EViews (2009, 672–674).
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nstructors, the presence of a professor increases the expected yWs
jp by 0.04 points. On the other hand, yWs

jp increases by
.01 points per year of aging and decreases by 0.0015 points per additional semester of experience.

The covariates that define the section characteristics, such as class size, hour and weekdays, as well as summer and
ET are robust to model specifications. All of them are significant and sign consistent, except the covariate morning
Model 3). Compared to the reference group (17–29 students per section), yWs

jp increases by 0.05 points in smaller
ections and decreases by 0.02 points in greater ones. Thus, Ws  and class size move in opposite directions. On the other
and, compared to sections offered in the afternoon, the expected yWs

jp decreases by 0.01 or 0.02, depending whether
r not it is offered in the morning or at night, respectively. Thus, Ws  are higher in sections offered in the afternoon.
here is a direct and significant relationship between yWs

jp and the days the course is offered. Compared to the reference

roup, in courses offered every day (Monday–Friday), yWs
jp increases by 0.03 points. It increases by 0.02 points if the

ourse is offered on Mondays and Wednesdays or Tuesdays and Thursdays.
Apparently, more difficult courses are organized in small sections, scheduled at determinate days and hours and

ffered by tough-grading faculty, all of which tend to increase Ws  inducing increments on yWs
jp .

There is a strong, negative and significant effect exerted by summer covariate on yWs
jp in all models. After accounted

or UFH (Model 4), yWs
jp decreases by 0.17 points if the course was offered during summer. Other things equal, Ws

iminish dramatically in summer sessions. This result becomes more pertinent when it takes into account that, for sub-
ample 1, mathematics courses (259) represented 75% of all summer courses (346). According to student performance,
athematics courses are, precisely, the most difficult ones. Their overall GPA and PWs  in fall and spring terms are 1.69

nd 32%, respectively. However, the respective figures for summer sessions are 2.16 and 14%. Thus, GPA increases
y 28%, while PWs  decreases by 56% if the course is taught in summer. These numbers explain succinctly why
athematics summer courses are so popular among students and why the Mathematics Department’s market share of

he summer offer is as high as 75%. Given that course inherent difficulty remains equal, no matter the session, there
re only two possible explanations (1) students take fewer courses in the summer and therefore can concentrate on

 particular course more intensively and/or (2) faculty members grade more leniently, relaxing academic standards
ossibly to prevent competition for teaching assignments.

To empirically test the leniency hypothesis, attention is placed on the SET estimated coefficient (�̂). According
o this conjecture, faculty members will be able to get better SET ratings if they reduce academic standards and
ourse difficulty levels through leniency grading. Such a symbiotic relationship between students and faculty has been
roposed in the literature for a long time without direct statistical testing.14 If so, it should be expected that in courses
here SET = 1, difficulty level diminishes, GPA increases and Ws  decrease. However, in order for GI to hold under

he conventional explanation, it should require an increase in Ws, which will happen when SET = 0 instead of SET = 1.
herefore, contrary to what is predicted by the conventional explanation, SET = 1 will induce an increase in GPA and

 decrease on yWs
jp .

The SET estimated coefficient (�̂  = −0.02) is significant, implying that Ws  diminish whenever SET = 1, inducing
ecreases of 0.02 points on yWs

jp . Thus, according to students’ criteria, inherent difficulty significantly decreases just
or the simple reason that the course is under SET. This result confirms the symbiotic relationship conjectured in the
eniency hypothesis. However, this hypothesis had not been submitted to direct statistical testing before the present
tudy.

To test whether GI could be attributable to Ws, the analysis needs to focus on the estimated time trend coefficient.
fter accounting for UFH (Model 4), yWs

jp decreases over time, since the coefficient (φ̂ = −0.0037) is marginally
ignificant. Such a tendency is consistent with the behavior exhibited by the index in Fig. 1, as well as the time path of
s in Appendix B. When Model 4 was re-specified and estimated using time dummies in order to capture the effects of

ime-varying coefficients, only five of them were significant (14%). However, such specification allows a replication of
he pattern of signs which is very consistent with the temporal tendency of yWs

jp , as depicted in Fig. 1.15 Therefore, yWs
jp
ends to decrease over time, implying grade deflation attributable to Ws  at UPR-Bayamón. However, during the same
eriod, evidence demonstrates the existence of traditional GI. Therefore, the third working hypothesis formulated in
ection 2.1 should not be rejected.

14 For some relevant studies in the field, refer to footnote 4.
15 Results are available upon request.
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Fig. 4. Faculty mean fixed-effects by academic fields.

According to Models 1 and 3, academic fields exert a significant effect on yWs
jp . Even after accounting for UFH in

Model 4, Accounting, Economics & Statistics, Finance and Mathematics programs continue to be significant. The other
programs lose their significance because of the strong effect exerted by UFH. To clearly demonstrate the impact exerted
by UFH on Ws  and yWs

jp , Fig. 4 displays the faculty mean fixed-effects by academic fields. Even though the sum of total
effects is zero, within each academic field it could be positive or negative. Thus, the programs that show the lowest
PWs and the higher GPA, also exhibit the lowest faculty mean fixed-effects and vice versa. For instance, Marketing
PWs, GPA and faculty mean fixed-effects are {2.72%; 3.09 and −0.17}. The respective triplets of the Chemistry
and Mathematics programs are {15.56%; 2.25 and 0.26}  and {30.18%; 1.69 and 0.1}. Thus, tough- and easy-grader
faculties are not randomly distributed among programs and even within the same program such a distribution may vary
significantly. Programs lying to the left of the middle point at the abscissa (0.00) consist principally of easy-grader
faculty, while those to its right are constituted principally by tough-graders. Therefore, to a great extent, the GPA and
Ws divergence observed among academic programs is explained by their UFH effects, which range from −0.17 points
in Marketing to 0.26 points in Chemistry.

5.  Summary

Using a rich panel containing detailed information of the 34,426 sections of all courses offered during 18 consecutive
academic years, this study sought to estimate the effects of Ws  on GPA at the UPR-Bayamón. Empirical evidence does
not allow rejecting the three hypotheses formulated, given that, as conjectured (1) Ws  and GPAs move in opposite

directions at both section and student levels; (2) the index designed to capture the effects of Ws  on GPA
(
yWs
jp

)
exhibits

an excellent statistical fitting and is very sensitive to changes in the courses, institutional environment and faculty
characteristics and (3) the time trends of GI and the increases in GPA attributable to Ws  move in opposite directions.

Thus, over the 36 terms analyzed, evidence points to a self-sustained upward temporal tendency in GPAs accompa-
nied by a downward temporal one in Ws. Therefore, the existence of traditional GI is demonstrated, but the proportion
that could be attributable to Ws  decreases over time. Given that GPAs inversely vary, while Ws  directly vary with

courses’ inherent difficulty, these time paths signal an institutional academic environment characterized by dimin-
ishing standards. In such a context, evidence clearly demonstrates that UFH and the SET process exert strong and
significant effects.
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On the other hand, even though Ws  decrease over time, they entail a high institutional cost greater than the whole
udget assigned to and spent by academic programs such as Mathematics and English over 18 consecutive years.

The significance of faculty characteristics such as rank, degree, gender, age, tenure and experience depends on the
pecification of the model. When UFH is accounted for, only the covariates professor and age are significant. On the
ther hand, the covariates that define the section characteristics (class size, hour and weekdays) are robust to model
pecifications. Almost all of them are significant and sign consistent. Hence, evidence points to the conclusion that more
ifficult courses are organized in small sections, scheduled at determinate days and hours and offered by tough-grading
aculty, all of which tend to increase Ws  and thus induce increments on yWs

jp .

Summer covariate exerts a strong, negative and significant effect on yWs
jp in all estimated models. After accounting for

FH, yWs
jp decreases by 0.17 points if the course was offered during summer session, implying a significant reduction in

s. Evidence confirms the student-faculty symbiotic relationship predicted by the leniency hypothesis, since the SET
stimated coefficient (�̂ = −0.02) is significant. However, before this study, this relationship had not been submitted to
irect statistical testing.

Academic fields and UFH exert strong and significant effects on yWs
jp and Ws. The programs that show the lowest

Ws and the higher GPA also exhibit the lowest faculty mean fixed-effects and vice versa. Thus, tough- and easy-grader
aculty members are not randomly distributed among programs and even within the same program such a distribution
ay vary significantly. Therefore, to a great extent, the GPA and Ws  divergence observed among academic programs

s explained by their UFH effects.

cknowledgments

For helpful comments and suggestions, I thank Dwight García, Dennis L. Weisman, Nélida Matos-Díaz, Gabriel
odríguez-Matos, Nellie J. Sieller, Yang-Ming Chang, Suphan Andic, José Caraballo, José La Luz, Ramón J. Cao-
arcía, José A. Lasalde-Dominicci, Panagiotis P. Tsigaris, and Dong Li. Any remaining errors are my sole responsibility.

ppendix  A.  Sample  statistics.

ummy variables

ariable Mean Variable Mean Variable Mean

ccounting 0.0519 (0.2219) Marketing 0.0129 (0.1129) Doctorate 0.234 (0.4234)
iology 0.05 (0.218) Materials Management 0.0049 (0.0695) Tenure 0.7067 (0.4553)
hemistry 0.0335 (0.1799) Mathematics 0.1269 (0.3329) Class size 1 0.163 (0.3694)
omputer Sciences 0.066 (0.2484) Physical Education 0.0412 (0.1986) Class size 3 0.2775 (0.4478)
conomics & Statistics 0.0299 (0.1702) Physics 0.0295 (0.1693) Morning 0.5413 (0.4983)
ducation 0.0554 (0.2287) Office Systems 0.0432 (0.2034) Night 0.0923 (0.2894)
lectronic 0.0563 (0.2305) Social Sciences 0.057 (0.2318) Summer 0.0139 (0.1169)
ngineering Technologies 0.0291 (0.168) Spanish 0.0679 (0.2516) SET 0.1148 (0.3188)
ngineering Transfers 0.0113 (0.1057) Female 0.5362 (0.4987) Monday–Friday 0.0153 (0.1228)
nglish 0.1021 (0.3027) Instructor 0.328 (0.4695) Monday & Wednesday 0.306 (0.4608)

inance 0.0182 (0.1335) Assistant 0.219 (0.4136) Tuesday & Thursday 0.3684 (0.4824)
umanities 0.0767 (0.2661) Associate 0.2187 (0.4134)
anagement 0.0362 (0.1868) Professor 0.2269 (0.4188)
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Continuous variables

Variable Description Mean Std. dev. Min Max

Age Professor’s age (years) 47.34 9.34 23 74
Experience Professor’s experience (semesters) 13.99 10.78 1 50
Trend Time-trend (semesters) 18.04 10.42 1 36
yWs

j Increase in GPA attributable to Ws 0.4092 0.2681 0 3.09(
GPA|Ws

)
Grade point average 2.55 0.6933 0 4(

GPA|Ws
)

Adjusted grade point average 2.15 0.7999 0 3.91

Note: For all dummies, standard deviations are reported in parentheses, max = 1 and min = 0.

Appendix  B.  Stylized  facts  of  Ws  by  terms.

Academic year Enrollment (A) Sections (B) S. size (A/B) Ws (C) % of Ws (C/A) GPA
(D)

GPA
(E)

yWs

95/96: F 21,534 914 24 2,845 13.21 2.54 2.42 0.46
95/96: S 19,719 868 23 2,348 11.91 2.66 2.51 0.43
96/97: F 25,010 1,037 24 3,440 13.75 2.51 2.36 0.44
96/97: S 21,948 902 24 2,611 11.90 2.64 2.50 0.41
97/98: F 25,193 1,024 25 2,936 11.65 2.53 2.40 0.40
97/98: S 23,901 1,009 24 2,601 10.88 2.62 2.48 0.39
98/99: F 25,541 1,040 25 3,167 12.40 2.52 2.41 0.41
98/99: S 24,423 1,043 23 2,489 10.19 2.65 2.47 0.37
99/00: F 25,189 1,020 25 2,846 11.30 2.57 2.43 0.41
99/00: S 24,063 1,003 24 2,603 10.82 2.68 2.53 0.39
00/01: F 24,797 1,051 24 3,094 12.48 2.69 2.57 0.43
00/01: S 23,745 1,024 23 2,945 12.40 2.75 2.63 0.44
01/02: F 24,808 1,038 24 3,606 14.54 2.73 2.59 0.48
01/02: S 24,128 1,034 23 2,425 10.05 2.77 2.59 0.39
02/03: F 23,116 973 24 2,311 10.00 2.72 2.56 0.39
02/03: S 21,605 933 23 2,046 9.47 2.79 2.64 0.39
03/04: F 22,279 946 24 2,427 10.90 2.71 2.55 0.40
03/04: S 20,456 899 23 2,055 10.05 2.73 2.56 0.40
04/05: F 20,976 940 22 2,555 12.18 2.67 2.51 0.43
04/05: S 18,964 875 22 2,227 11.74 2.77 2.63 0.44
05/06: F 19,909 902 22 2,391 12.01 2.73 2.58 0.43
05/06: S 17,929 835 21 1,705 9.51 2.79 2.59 0.41
06/07: F 20,015 909 22 2,171 10.85 2.75 2.60 0.39
06/07: S 18,010 829 22 1,680 9.33 2.79 2.62 0.38
07/08: F 21,369 937 23 2,304 10.78 2.74 2.60 0.39
07/08: S 20,400 925 22 2,280 11.18 2.77 2.63 0.42
08/09: F 22,232 959 23 2,676 12.04 2.74 2.59 0.42
08/09: S 19,866 887 22 1,947 9.80 2.79 2.64 0.38
09/10: F 23,329 999 23 2,921 12.52 2.74 2.58 0.44
09/10: S 21,329 922 23 2,518 11.81 2.80 2.67 0.43
10/11: F 22,516 961 23 2,399 10.65 2.69 2.50 0.38
10/11: S 20,817 927 22 2,100 10.09 2.82 2.65 0.41
11/12: F 22,765 977 23 2,321 10.20 2.83 2.67 0.39
11/12: S 21,490 970 22 1,924 8.95 2.78 2.61 0.37
12/13: F 23,100 1,000 23 2,497 10.81 2.79 2.63 0.40
12/13: S 20,386 914 22 1,749 8.58 2.78 2.60 0.38

Total 796,857 34,426 23 89,160 11.19%
Sample size (SS) = 34,426 SS = 24,956

Notes: “F” and “S” stand for fall and spring semesters, respectively, yWS = increase in GPA attributable to Ws.
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ppendix  C.  Stylized  facts  of  Ws  by  academic  fields.

cademic fields Enrollment (A) Sections (B) Section size
(C = A/B)

Ws (D) % of Ws (D/A)100 Equivalent
sections (D/C)

arketing 17,716 661 27 482 2.72% 18 (0.5%)
hysical Education 37,646 1,822 21 1,889 5.02 90 (2.37%)
panish 69,621 2,582 27 3,674 5.28 136 (3.58%)
ocial Sciences 57,065 2,121 27 3,276 5.74 121 (3.19%)
anagement 35,168 1,286 27 2,121 6.03 79 (2.08%)
aterials Management 4,450 186 24 296 6.65 12 (0.32%)

ducation 48,358 2,168 22 3,249 6.72 148 (3.9%)
inance 18,180 706 26 1,248 6.86 48 (1.26%)
umanities 68,495 2,583 27 4,999 7.3 185 (4.87%)
nglish 85,359 3,483 25 6,740 7.9 270 (7.11%)
ffice Systems 26,954 1,708 16 2,574 9.55 161 (4.24%)
ngineering Transfers 6,680 414 16 727 10.88 45 (1.18%)
ngineering Technologies 16,558 1,058 16 1,929 11.65 121 (3.19%)
omputers 42,008 2,266 19 4,968 11.83 261 (6.87%)
hysics 22,229 1,159 19 2,636 11.86 139 (3.66%)
iology 36,516 1,532 24 4,561 12.49 190 (5.0%)
lectronics 32,796 2,090 16 4,404 13.43 275 (7.24%)
ccounting 35,954 1,576 23 5,188 14.43 226 (5.95%)
hemistry 24,322 926 26 3,785 15.56 146 (3.84%)
conomics & Statistics 22,884 835 27 3,885 16.98 144 (3.79%)
athematics 87,895 3,262 27 26,529 30.18 983 (25.88%)

otal 796,854 34,424 23 89,160 11.19% 3,798 (100%)
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