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ABSTRACT

A review of prerequisites often reveals that reasons for requiring a
prerequisite may no longer prevail due to curriculum or course
changes. Based on a study of a curriculum bottleneck unrelated to
required mastery, the prerequisite structure in Clemson
University’s General Engineering curriculum (the common first-
year curriculum for all engineering students) was changed so that
Calculus I could be taken in the second semester. Student record
analysis shows both the magnitude of the bottleneck prior to the
policy change and the effect on student enrollment practices after
the policy change. Longitudinal studies show a statistically
significant improvement in retention in engineering adding to the
body of evidence that indicates that it is important to retention
that students start college mathematics at a level for which they
are prepared. 
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I. INTRODUCTION

Students entering the General Engineering program at Clemson
University are required to take and pass calculus, which is typical of
other engineering programs. Much research has been conducted
that affirms the importance of a good experience in the first college
mathematics course and its correlation with success in engineering
[1, 2]. When it comes to freshman engineering programs, “there is
a consensus that math is the largest stumbling block causing drop-
out in the freshman year” [3]. Because calculus is the first math
course in most engineering curricula, there is enormous pressure for
students to be calculus ready when they arrive at college. In a study

of Purdue engineering students, Budny reported that 
students succeeding in pre-calculus had retention rates approxi-
mately equal to those of students succeeding in calculus [2, 4].
Clemson University’s General Engineering program has many re-
quirements that students must complete before they can select an
engineering major, and passing Calculus I is a common a barrier to
curricular progress. It was hypothesized that if students could start
ENGR 120, Introduction to Engineering Problem Solving and
Design, before completing Calculus I, students would be able to
progress in other parts of their curriculum and higher retention
rates would result.

Before Fall 2000, Calculus I was a prerequisite for the second
course in Clemson’s General Engineering program (ENGR 120)
as well as for the first course in physics. This caused a bottleneck in
the curriculum-students could not progress in the engineering cur-
riculum until passing Calculus I. Thus, failing or withdrawing from
Calculus I, or not being prepared for it, had a much greater effect
on a student’s progress than failing other required courses. In order
for a student to progress with their peers, a student would need to
successfully complete three challenging courses (ENGR 120, Cal-
culus II, and Physics) over the summer, a daunting task for students
who are generally less prepared academically.

Moreover, students moving into an engineering major from Gen-
eral Engineering after May 15, 1996, have been required to have a
grade of C or better in each course in the freshman curriculum except
a humanities/social science requirement [5]. This means that, in
Clemson’s General Engineering curriculum, a grade of D is no better
than an F or a W in terms of progress in the curriculum, thus aggra-
vating the calculus bottleneck issue. The bottleneck caused by the
calculus prerequisite policy had a number of consequences:

� students who continued in engineering were delayed;
� some students, faced with this fact, left engineering; and
� affected students occupied seats in fall (out-of-sequence)

offerings of ENGR 120, causing the enrollment of those
sections to be higher than desired.

II. CALCULUS AS A PREREQUISITE

The most obvious reason to designate a course as prerequisite to
another is when the courses are in sequence—it certainly makes
sense for Calculus I to be a prerequisite for Calculus II. Even across
departments, there are cases where one course must be completed
in order to begin the material in another. As the material in the two
courses changes, however, this relationship may weaken over time. 
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Another reason to designate a prerequisite is to establish certain
checkpoints in a curriculum—this makes for less divergence of stu-
dent course patterns and prevents a student from making too much
progress in a curriculum that he or she is destined to abandon.
Across the country, it is common for the first course in the calculus
sequence to be a “gateway” to the engineering curriculum. Simply
because calculus has such a high failure rate, there is the sense that,
if someone is going to fail calculus and leave engineering, it might as
well happen sooner rather than later. This appears to be the histori-
cal reason for making Calculus I a prerequisite for ENGR 120.

In order to serve students without compromising course objectives,
the prerequisites for ENGR 120 and the first course in physics were re-
viewed in Spring 2000. This review of current instruction in both
physics and ENGR 120 indicated that current curriculum expectations
required only a co-requisite status of Calculus I. Following this review,
a new policy was enacted, Fall 2000, which would allow students to
take Calculus I as a co-requisite for ENGR 120 and enroll in physics
with the permission of the instructor, which is granted pro forma.

Goals of the new policy were to:

� increase retention rates of freshman engineering students;
� correctly place students in their first math course (by 

reducing the pressure for the students to be calculus-ready at
admission); and

� reduce the number of students taking ENGR 120 out of 
sequence.

We further believe that, while calculus is still a critical course in
the curriculum, allowing students to take it concurrently with
ENGR 120 (as a co-requisite) is actually of benefit—ENGR 120
serves to give calculus additional context. Now that students are
taking Calculus I and the first physics course simultaneously, the
General Engineering faculty are working to create linkages between

those courses and the ENGR 120 curriculum. There would cer-
tainly be a benefit to achieving a just-in-time delivery of calculus
and physics topics [6, 7].

III. REVIEW OF STUDENT RECORDS

Student records data summarized in Table 1 were analyzed to
determine changes in student behaviors under old and new acade-
mic policies. From Table 1 the “number of students enrolled in Cal-
culus I in the Fall of their cohort year” was defined by counting only
students in the General Engineering curriculum who were new
freshmen or transfers in the given cohort year. Students who drop a
course at Clemson during the first two weeks of the semester may
do so without grade penalty (a policy that is common at many acad-
emic institutions) [8]. At Clemson, Calculus I students dropping
within this period may switch to a lower math class, even though it
may be beyond the formal period for adding a class. Students who
change math courses in this manner are treated as if they originally
enrolled in the second math course.

The policy of Calculus I (106) as a co-requisite versus a prerequi-
site was analyzed by grouping the prerequisite one-year retention
rates (1996–1999) and comparing them with the co-requisite one-
year retention rates (2000–2002) for those students who received a
D/F/W in Calculus 106. The hypothesis was that one-year reten-
tion rates would be greater in the years following the policy change.
Analysis of these two groups revealed a statistically significant dif-
ference in the groups. Retention rates after the change in calculus
policy were higher than rates before the change in policy
(p � 0.05). The stable proportions of calculus-ready students and
first-time passage rates discussed earlier suggest that the observed
improvement is not due to changes in either parameter. With limit-
ed data available after the policy change, analysis was conducted on 
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Table 1. Historical perspectives of Calculus I (Calculus 106).



two-year retention rates again grouping years (1996–1999) and
(2000–2001). The results were likewise statistically significant and
in line with the one-year retention results (p � 0.001). 

Table 2 shows the historical performance of students who en-
rolled in Pre-Calculus 103/105 as their first college math course
(103 is a course with applications in analytical geometry and
trigonometry and 105 is a course combining college algebra and
pre-calculus). A similar analysis was conducted for the Pre-Calculus
103/105 students. The hypothesis again was that one-year reten-
tion rates would be greater in the years following the calculus as a
prerequisite policy change. Analysis of these two groups revealed a
statistically significant difference in the groups. Retention rates after
the change in calculus policy were higher than rates before the
change in policy (p � 0.05). Two-year retention rates were also sta-
tistically significant (p � 0.05).

A comparison of students who passed Pre-Calculus 103/105
(those who earned an A/B/C in the course) and students who failed
Calculus 106 (those who earned a D/F/W in the course) was also
conducted. One-year and two-year retention rates were analyzed
for both populations. It was hypothesized that students who passed
Pre-Calculus 103/105 would have higher retention rates than those
students who failed Calculus 106. Both one and two-year retention
rates for students passing 103/105 were statistically significantly
higher than students failing Calculus 106 (p � 0.01). These results
would seem to confirm those of the Purdue study on “high-risk”

courses conducted by Budny et al. [2] and the general notion that
students should be placed in courses at their appropriate skill level.

IV. NEW ENROLLMENT POLICY

One of the goals of the policy change was to reduce the number
of students taking ENGR 120 out of sequence (fall enrollment).
Table 3 shows the enrollment of ENGR 120 in both the spring and
fall semesters. The out of sequence, or fall, enrollment for both stu-
dents failing Calculus I the previous fall and those students who
passed Pre-Calculus the previous fall have been drastically reduced.
The total fall enrollment in each case is shown. There are two bene-
fits to reducing the fall enrollment—the presence of a large number
of students who have already failed calculus is harmful to maintain-
ing heterogeneous academic ability, which is known to enhance ed-
ucational outcomes for all students [9], and a reduction in the num-
ber of sections of ENGR 120 taught in the fall, which helps balance
the teaching load for General Engineering faculty.

The steady growth in the number of students failing Calculus I
and losing a year in the engineering curriculum is apparent from
1996–1999, as is the rapid reduction of that group after the imple-
mentation of the new policy. There is also a notable decline in the
number of students that fail Calculus I and enroll in ENGR 120 in
the spring, which seems to confuse the issue. The size of those
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Table 3. Historical enrollment of Engineering 120.

Table 2. Historical perspectives of Pre-Calculus (MthSC 103 and 105).



numbers indicates that more students who fail calculus on their first
attempt are remaining in engineering. The decline in 2001–2002 is
the result of a reduction in the number of students failing Calculus I
due to changes implemented by Clemson’s Mathematical Sciences
department. The increase in the number of students passing pre-
calculus and enrolling in ENGR 120 the following semester is 
related—the most significant change implemented was an improved
placement practice, which caused the least prepared students to take
pre-calculus instead of calculus. Shifting less prepared students from
calculus to pre-calculus improves the passing rate of each class.

V. NEW POLICY AND LONG-TERM RETENTION

To some it may appear that this new policy postpones the 
inevitable—keeping students in engineering who will ultimately fail.
Historical data seem to support this conclusion, as the percentage of
students who earn an unsatisfactory grade (D/F/W) in first-semester
Calculus on their first attempt that eventually graduate in engineering
has been very low in the past (~ 29 percent, compared to ~ 65 percent
graduation rate for students with C or better in their first math course).
The General Engineering faculty proposes that the historical data are
biased by the extreme consequences to a student’s curricular progress
described earlier—that many students who failed first-semester Cal-
culus simply gave up rather than trying to get back on track.

Changing calculus to a co-requisite to our second-semester en-
gineering class encourages progress and retention in engineering.
There are data to support these findings.

� Of the 196 students in the 2000 cohort who failed first-
semester Calculus, 140 took the course over again in the spring.

� Of the 140 that took the course over again, 62 passed it in
that attempt.

� The distribution of calculus grades of the 140 students retak-
ing the course increased from a corporate average grade point
ratio (GPR) of 0.5, on a 4.0 scale, in the first attempt (W
does not count in GPR calculations) to a GPR of 1.2 in their
second attempt in the spring semester.

� One-year retention of students failing first-semester Calcu-
lus is higher in the years following the change in policy.

� Retention rates of students taking and passing a Pre-Calculus
course have higher one and two-year retention rates than stu-
dents who fail Calculus I.

In addition to retention gains supported by the ability to
progress in the curriculum, students should also benefit from seeing
the big picture—finding out more about what engineering is, giving
them a reason to work toward success in calculus. We may be able
to test this hypothesis using longitudinal data from the Cognitive
Profile Inventory [10], an instrument that many of Clemson’s engi-
neering students have completed.

VI. CONCLUSIONS

In removing Calculus I as a prerequisite, we have allowed stu-
dents to progress in the General Engineering curriculum, even
though they may already have exhibited a significant indicator of

not succeeding in engineering. Certainly, not all who retake Calcu-
lus I will succeed in passing on the second attempt. As is the case
with most policies, we must weigh the risk of granting students an
opportunity at which they will fail against the risk of preventing stu-
dents from having an opportunity at which they could succeed. The
data from this study lead us to conclude that the shift in policy helps
a large number of students.

REFERENCES

[1] LeBold, W., Lowenkamp, L.E., and Ward, S.K., “The Use of
Discriminant Analysis for Optimal Placement,” Proceedings, 1989 Annual
Conference of the American Society for Engineering Education, Session 2253,
pp. 512–519.

[2] Budny, D., Bjedov, G., and LeBold, W., “Assessment of the Im-
pact of the Freshman Engineering Courses,” Proceedings, 1997 Frontiers in
Education Conference, Vol. 2, 1997, pp. 1100–1106.

[3] Venable, W., Mconnell, R., and Stiller, A., “Incorporating Mathe-
matics in a Freshman Engineering Course,” Journal of Engineering and
Applied Science, Vol. 2, 1995, pp. 552–556.

[4] Budny, D., and LeBold, W., “Is When as Important as What?,”
Proceedings, 1992 Annual Conference of the American Society for Engineering
Education, pp. 1512–1514.

[5] College of Engineering and Science entry in Undergraduate An-
nouncements, �http://www.registrar.clemson.edu/publicat/catalog/
sections/colleges/es.htm�.

[6] Cordes, D., A. Parrish, B. Dixon, R. Borie, J. Jackson, and P.
Gaughan, “An Integrated First-Year Curriculum for Computer Science
and Computer Engineering,” Proceedings, 1997 Frontiers in Education Con-
ference, Paper 1048, available at �http://fie.engrng.pitt.edu/fie97/
papers/1048.pdf�, last accessed April 8, 2004.

[7] Kellie, A.C., and M. Jordan, “Problem Solving and JIT Delivery of
Skills In a First Year Engineering Technology Course,” Proceedings, 2002
Southeast Section Conference of the American Society for Engineering Education,
Paper 2002014, available at �http://cee.citadel.edu/asee-se/proceedings/
ASEE2002/P2002014ETECHKEL.pdf�, last accessed April 8, 2004.

[8] Clemson University Academic Regulations, last accessed April 8,
2004, �http://www.registrar.clemson.edu/publicat/catalog/sections/
aca_regs/�.

[9] Johnson, D.W., Johnson, R.T., and Smith, K.A., “Cooperative
Learning: Increasing College Faculty Instructional Productivity.” ASHE-
ERIC Higher Education Report No. 4, The George Washington University,
School of Education and Human Development, Washington, DC, 1991.

[10] Krause, L.B., How We Learn and Why We Don’t. Mason, OH:
Thomas Custom, 2003.

AUTHORS’ BIOGRAPHIES

Matthew W. Ohland is an Assistant Professor in Clemson Uni-
versity’s General Engineering program. He served as the Assistant
Director of the NSF-sponsored SUCCEED engineering education
coalition and as an NSF postdoctoral fellow. His research focuses on
engineering education, and he has spoken and conducted work-
shops nationally and internationally. As the elected chair of the Ex-
ecutive Council of Tau Beta Pi, he will serve as the Association
President from 2002 to 2006. He is also the Chief Advisor of
Clemson’s chapter. Dr. Ohland received a B.S. in Engineering and

256 Journal of Engineering Education July 2004



a B.A. in Religion in 1989 from Swarthmore College. He earned
M.S. degrees from Rensselaer Polytechnic Institute in Mechanical
Engineering in 1991 and in Materials Engineering in 1992. He
received his Ph.D. in Civil Engineering with a graduate minor in
Education from the University of Florida in 1996. 

Address: 104 Holtzendorff Hall, Clemson, SC 29634-0902;
telephone: 864-656-2542; fax: 864-656-1327; e-mail:
ohland@clemson.edu.

Amy G. Yuhasz is a Postdoctoral Fellow in Clemson Universi-
ty’s General Engineering Program. Dr. Yuhasz received her B.A. in
Mathematics from Huntingdon College (1997), M.S.I.E. (1999)
from Clemson University and Ph.D. in Industrial Engineering
from Clemson University (2003). She is presently a postdoctoral
fellow in General Engineering at Clemson University (2003) focus-
ing on statistical analysis of freshman retention programs. Prior to

joining the General Engineering department, she was a visiting
professor of Industrial Engineering at The University of Alabama
specializing in statistics and engineering economics (2001). 

Address: 104 Holtzendorff Hall, Clemson, SC 29634-0902;
telephone: 864-656-0329; fax: 864-656-1327; e-mail:
ayuhasz@clemson.edu.

Benjamin L. Sill is the Director of Clemson University’s General
Engineering Program. He is an Alumni Distinguished Professor of
Civil Engineering, where he served as a faculty member for 23 years.
His research focuses on atmospheric boundary layers and storm ef-
fects on structures. He received his B.S. and M.S. from N.C. State
University and his Ph.D. from Virginia Polytechnic University. 

Address: 104 Holtzendorff Hall, Clemson University, Clemson,
S.C. 29634-0902; telephone: 864-656-2541; fax: 864-656-1327;
email: sbenjam@clemson.edu.

July 2004 Journal of Engineering Education 257


