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QUANTIFYING THE “CURVE”

JUDE T. SOMMERFELD
Georgia Institute of Technology ® Atlanta, GA 30332

erhaps one of the most agonizing tasks associated

with an educator’s work is that of assigning grades to

students. The task is somewhat complicated by the
traditional need to convert numerical scores into letter grades.
Ironically, letter grades are then typically combined in some
fashion and converted back to a numerical score (such as a
grade-point average, or “GPA”). Throughout this paper, the
latter quantity is understood to mean the conventional GPA
computed on the basis of an “A” letter grade being worth
four points, a “B” grade worth three points, etc.

While most experienced engineers (educators and practi-
tioners alike) would probably agree that a person’s GPA in
college is quite irrelevant to the progress of one’s career only
a few years down the road, the fact remains that the GPA is
often the single most important factor in evaluating a student’s
performance. Both companies and graduate schools weigh
this quantity heavily in their respective selection processes.
And for the student still in school, the GPA is about the only
thing that can be pointed to for measurement of scholastic
performance (at least in most students’ minds).

So, it behooves faculty members to at least appreciate this
all-consuming importance of grades, rightly or wrongly, in
the student perception of education. Until a better system
comes along, we must make the best of what is probably a
suboptimal grading methodology. Anything that tends to
minimize this distraction from real learning should be a
welcome tool to any educator. It is within this framework
that the following suggestions are offered.
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BACKGROUND

Most professors have probably had the experience of be-
ing asked one or more of the following questions after re-
turning a quiz or examination to the students, graded on the
basis of 0 to 100 points (or some other numerical scale).

(@ Do you curve your grades?

(M How do you curve your grades?

(B What letter grade do I now have in the course?
(M Do you do negative curving of your grades?

Using the term “curve” seems quite ubiquitous for most
students, even though professors often have difficulty in
responding to the above questions. The first two questions
are likely to be asked after a particularly difficult exam (one
with an average of around 50, for example), while the last
question often arises after a relatively easy exam with an
average student score of 80 or more.

The questions also seem to be asked more frequently in
sophomore-level or lower-division courses where letter grades
are not as high as they are in upper-division courses (junior-
and senior-level). But it is not unusual to see a good student
at any level drop a course (even a required one) after getting
a score of 60-70 on an exam with a class average of 50 or
less, for fear of “ruining” his or her GPA.

GUIDELINES

This instructor has found it useful to distribute some guide-
lines to students immediately after returning their first ex-
aminations. The guidelines are based on the mean (or aver-
age) and standard deviation of the actual distribution for a
given examination. The latter two quantities are also re-
ported to the students (in addition to the median and range).
My experience has been that questions regarding “curving”
of the numerical grades to letter grades are virtually elimi-
nated after distribution of the guidelines. Unfortunately, some
good students still feel compelled to drop the course (par-
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TABLE 1
Guidelines for Converting Numerical Quiz Scores to Letter
Grades in Sophomore ChE Courses
[M=class average (or mean); ¢ =standard deviation]

Letter Normal Quality
Grade  Quiz Score Distribution %  Points
A(4.0) Greaterthan M+ 1.05) 159 0.636
B(3.0) Between(M +02c)and M +1.05) 26.2 0.786
C(2.0) Between(M-1.0c)and M +0.2¢5) 42.0 0.840
D(1.0) BetweenM-2.0cg)and(M-1.0c) 13.6 0.136
F(0.0) Lessthan M -2.0¢) 2.3 0.000

Class GPA 2.398

TABLE 2

Guidelines for Converting Numerical Quiz Scores to Letter
Grades in Junior ChE Courses
[M=class average (or mean); ¢ =standard deviation]

Letter Normal Quality
Grade  Quiz Score Distribution %  Points
A(4.0) Greaterthan M + 0.6 ) 27.4 1.096
B(3.0) BetweenM-02c)and M+ 0.6 5) 30.5 0.915
C(2.0) Between(M-15c)and M-020c) 35.4 0.708
D(1.0) Between(M-2.25¢g)and M-1.50) 5.5 0.055
F(0.0) Lessthan(M-2.25¢) 1.2 0.000

Class GPA 2.774

TABLE 3

Guidelines for Converting Numerical Quiz Scores to Letter
Grades in Senior ChE Courses
[M=class average (or mean); o -standard deviation]

Letter Normal Quality
Grade  Quiz Score Distribution %  Points
A(4.0) Greaterthin(M+050) 30.8 1.232
B(3.0) Between(M-04¢g)and M +0.50) 34.7 1.041
C(2.0) BetweenM-2.0c)and M -040c) 32.2 0.644
D(1.0) Between M -25¢)and M -200G) 1.7 0.017
F(0.0) LessthanM-250) 0.6 0.000

Class GPA 2.934
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ticularly if they know it is being offered again in the follow-
ing quarter).

Separate guidelines have been developed for sophomore-,
junior-, and senior-level courses in chemical engineering.
They are presented in Tables 1, 2, and 3, respectively. The
normal, or Gaussian, distribution was not specifically as-
sumed in the development of these guidelines. The distribu-
tion percentages given in the tables were obtained from
tabulating integrated values for the standard normal distribu-
tion; that is, one with a mean value of zero and standard
deviation of unity. The class averages presented in the tables
are then derived from the distribution percentages. Such
tabulations can be readily found in many mathematical hand-
books!"" and textbooks on statistical methods.” Thus, for
example, in Table 1 the probability of or percentage of
sampled values greater than one standard deviation above
the mean (corresponding to a grade of “A” in a sophomore-
level class) would be equal to 15.9%.

The guidelines for sophomore-level courses yield a class
GPA of about 2.4 (on the 4.0 basis mentioned earlier), as
indicated in Table 1. This class GPA compares with values
of 2.77 and 2.93 for junior- and senior-level courses (Tables
2 and 3, respectively). The lower value for sophomore-level
courses reflects the fact that many students in these courses
are still maturing and fleshing out their career options and
thus may not be that suited for (or interested in) chemical
engineering. Typically, such courses would include material
balances, energy balances, numerical methods, and fluid
mechanics.

The actual relationship between these guidelines for the
three class levels and the normal distribution is depicted in
Figure 1. The curve plotted therein is for the standard normal
distribution with a mean value of zero and a standard devia-
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tion of unity. One can clearly see the reduction in the cutoff
point (number of standard deviations above the mean) be-
tween “A” and “B” grades in the progression from sopho-
more to senior level and, consequently, the increase in their
frequency of occurrence (insofar as they lie to the right of
the mean). Similarly, in this progression the frequency of
occurrence of “D” and “F” grades, being to the left of the
mean, is seen to decrease.

The class averages computed for upper-division courses in
Tables 2 and 3 are somewhat closer to each other in addition
to being higher than those for sophomore courses in Table 1.
In all three cases, however,
the computed class GPAs

class size in these various sections varied from a low of 11 to
a maximum of 53, with an average of 29 students.

The data in Table 4 indicate course GPAs ranging from
2.88 to 3.21. The average GPA for all students in all of the
sections is 2.99, compared to the value of 2.93 suggested by
the Table 3 guidelines. Also, the percentages of “A” and “C”
grades from the 7-year history given in Table 4 are both
slightly less than those resulting from the Table 3 guidelines,
while the percentage of “B” grades actually given is some-
what higher. There have been no “F” grades given in this
course during the 7-year period, and the small percentage of
“D” grades (1.7%) is exactly in
conformance with Table 3.

are probably slightly lower
than the actual grade distri-
bution resulting in most
courses. In a sense, this is
good news for an instructor

TABLE 4
Distribution of Letter Grades in a Senior-Level
Computer-Aided Design Course

Letter Grades (number thereof) Total C

One clear benefit of these
guidelines cannot be overempha-
sized. In assigning letter grades
at the end of a term, most faculty
A% probably spend some time ago-
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. grades. It
than the reverse). By way | 1992 Spring = ¢ 5 % @ = = is not uncommon to hear from
ocfpcj;)mfalrlis'on,' thehmed'iaI; 1993 Winter 100 25 14 1 0 50 2.88 the highest “B” or highest “C”
L e S h s b b | mmsudEey
Georgia Tech (173 total) | 1995 winter 4 24 1B 2 0 B 20 git;),;e em:{ sttt ;) s
53 / grade negotiation. I have
enrolled in the fall quarter | 505 g 7 9 7 0 0 23 300 found these guidelines useful both
gcf)rlngpngte::,iasj jn(:f)r stslrss: 1996 Winter 8§ 15 7 0 0 30 3.03 in the initial gssignment of letter
GPA of 2.77 from Table 2. | ' Sprine . B R, grages i iy subsequent
It should also be kept in | 1997 Wimer(d) 15 18 0 0 34 32 gra e'“egouanor‘. i ek
mind, of course, that with 1997 Winter ) 6 10 6 1 0 23 2091 One last benefit to the entire
the greater range below this 1997 Fall 8 5 5 0 0 18 317 educational enterprise should be

median than above it, the

noted. Assuming that distribution
and discussion of the guidelines
with the students is performed
early in a term (about the time,

somewhat lower than the Percentages 2837 43.84 2607 172 0.00 100
median.
EXPERIENCE

There has been no attempt to optimize the numerical coef-
ficients in Tables 1 through 3 in order to achieve a particular
shape of distribution. My primary purpose in presenting this
information to students is to answer legitimate questions and
to allay unnecessary fears. Clearly, if one wished, much
effort could be devoted to adjusting these parameters, per-
haps to match historical or even projected data—but that is
not the focus of this paper.

Nonetheless, one detailed comparison of these guidelines
with experience may be interesting to the reader. Table 4
presents grade results from a dozen different offerings of a
senior-level computer-aided process design course offered
at Georgia Tech. These data span the 7-year period from
1991 through 1997 and pertain to a total of 349 students. The
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say, of the first quiz), it serves as
a pep talk or morale booster for
the students. This is particularly true with sophomore stu-
dents who are still accustomed to more standardized tests,
such as found in college freshman courses or high school
SAT examinations. Rampant dropping of courses, particu-
larly required ones, is an expensive exercise for students
(and parents?), not to mention the drain on institutional
resources. My experience with publicizing the guidelines
has been reduced student withdrawal rates from required
chemical engineering courses.
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