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INTRODUCTION

n recent years, opportunities in chemical engineering

(ChE) have broadened beyond the traditional chemical

and petrochemical industries. New research thrusts in
biotechnology, biomanufacturing, nanoscience, and sustain-
able development now attract students with undergraduate
degrees in biology, chemistry, physics, and even non-science
backgrounds to graduate programs in ChE. In the past, pro-
spective graduate ChE students without an undergraduate
degree in ChE may have been advised to use an ad hoc ap-
proach of taking a number of core undergraduate ChE cours-
es to fill in the gaps of their preparation, thus extending their
time and cost to graduate.

Faculty at North Carolina State University (NC State)
have developed an asynchronous online two-semester (three
course credits each semester) bridging course sequence that
is designed to prepare students for success in ChE graduate
studies. The course sequence includes topics of material and
energy balances, elementary and solution thermodynamics,
transport phenomena (momentum, heat, and mass transfer),
and reactor design. Completing the bridging course se-
quence prior to applying to graduate school may also help
inform or confirm the student’s desire to pursue an advanced
degree in ChE. Students may also, upon being accepted to
the NC State graduate program, be allowed to take the bridg-
ing course sequence in the first year of graduate school along
with other technical electives. The two-course sequence has
been offered online through NC State’s Engineering Online
program since 2018.

Prior works by the authors have discussed many facets
of the development, delivery, design, and assessment of the
bridging courses. Initial works described the development
and delivery of the course, as well as ideas for direct and in-
direct assessment. The course relies heavily on artistic visual
elements and lightboard presentations to illustrate engineer-
ing concepts, and the course design is modular with content
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chunked into short (< 10 minute) lectures. Videos welcom-
ing students to the course, as well as videos introducing the
instructors and their unique backgrounds, were also record-
ed and included in course materials to help develop personal
connections with the students; ice-breaker questions were
also posed to the students in the first week of class to build
a sense of classroom community.'-*! These strategies chosen
for the course are in line with best practices for asynchro-
nous online course design.™
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These initial works ¥ proposed assessment strategies to
investigate student performance and attitudes, which were
then executed and analyzed in later works.>® Direct as-
sessment was provided through problem-by-problem scor-
ing metrics on assignments including homework, quizzes,
and exams, while indirect assessment under frameworks
such as task value, engagement, and self-efficacy collected
at the beginning, middle, and end of the course helped the
authors understand student perspectives on the course and
their learning; these results were used to inform continuous
improvement of the bridging courses.>®! It was found that
83% of students expected to spend 5-10 hours on the course
per week, while the remainder expected work in excess of
10 hours weekly.! The asynchronous nature of the online
bridging courses also offer a highly-controlled setting for
data-driven continuous improvement since course teaching
modules remain exactly the same until they are changed; a
summary of continuous improvement strategies used over
years of offering the bridging courses toward improving
course content was described in another work.” In short,
direct assessment was shown to be a valuable tool to identi-
fy course areas that need instructional improvement; course
content that was not as effective as desired could be revised,
then impacts on student performance could be monitored
in proceeding semesters to determine if the continuous im-
provement was successful.

Bridging courses such as those described here are not
limited to NC State. Bridging courses are currently offered
at a number of institutions including Michigan State Uni-
versity,® Columbia University,”” and Lehigh University.!'”
Bridging courses have also been successfully deployed to
bridge students from lower levels of education into universi-
ty chemistry and physics programs.!" However, at this time,
no work exists that compares the efficacy of bridging cours-
es on student success in ChE graduate school to the ad hoc
method of taking undergraduate ChE courses. The objective
of this work is to determine whether the bridging courses
taught at NC State improve the chance of student success for
students without an undergraduate degree in ChE compared
to the traditional ad hoc method. It should be noted the plan
for the present analysis was presented to the ChE education
community at the 2023 ASEE Annual Meeting,'? where
feedback was collected from the audience and incorporated
into the procedures ¥ used in the analysis discussed here.

METHODS

This study compares the performances in ChE graduate
study at a large state institution (NC State) for two groups of
students. Each of the groups comprises students who did not
have an undergraduate degree in ChE prior to enrolling in
ChE graduate study but had an undergraduate degree outside
of ChE (e.g., typically in a field such as biology, chemistry,
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etc. but also including non-STEM degrees). The first group
of students was enrolled in ChE graduate study between
the years of 2009-2018, before the studied bridging course
sequence was available. These students were prepared for
graduate study by taking or auditing a number of undergrad-
uate ChE courses such as material and energy balances, two
transport phenomena courses, two thermodynamics courses,
and reactor design in an ad hoc nature; here we refer to this
group of students (n = 145) as “Ad Hoc.” The second group
of students was enrolled in ChE graduate study during or
after Fall 2018 and was enrolled in the two-semester bridg-
ing course sequence rather than taking or auditing courses
which occurred for the Ad Hoc group; here we refer to this
group of students (n = 76) as “Bridging.” Proper human sub-
jects approval was obtained for this study.

For all students in the Ad Hoc and Bridging groups, the
following data were collected from university records:

e Academic Plan (MS or PhD)
e Starting Year in the Program
e Undergraduate Degree (e.g., biology, chemistry)

e Letter grade in each of the department’s four core
graduate courses (transport, thermodynamics, kinetics,
and mathematical methods)

e Letter grade in first course of bridging course sequence
(if applicable)

e Letter grade in second course of bridging course se-
quence (if applicable)

e Degrees (if any) conferred

The goal of this work is to use comparisons of these data
to indicate the relative rates of success of these groups of
students; in other words, we aim to determine if the studied
bridging course sequence is similarly as effective as ad hoc
measures at helping students with undergraduate degrees
outside of ChE achieve success in ChE graduate study.*

Limitations

The authors acknowledge several limitations based on
the scope of the IRB and the availability of data. Though
undergraduate performance (e.g., GPA, standardized test
scores, etc.) of students in the study may provide additional
depth toward understanding observed differences between
the studied groups, these data were not available. A pos-
sible confounding factor in the presented analysis is that the
studied Ad Hoc group completed their graduate work pre-
pandemic, while students in the Bridging group represent
a mixture of pre-, during, and post-pandemic; it is possible
effects of the pandemic on academic performance limit the
comparisons presented here. Students within the Ad Hoc
group did not necessarily have uniform preparation; ad hoc
remedial education was prescribed based on individual stu-
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dent backgrounds, though records of preparation for indi-
vidual students were not available. Students who may have
been assigned similar classes as part of their ad hoc prepara-
tion may yet have had different instructors, impacting the
instruction received in those classes.

RESULTS AND DISCUSSION

In order to quantitatively evaluate the effectiveness of
the studied bridging course sequence as compared to ad
hoc measures, we selected rate of degree conferral and
grade point average (GPA) as the two primary metrics. The
degree-conferral measure included both students who re-
ceived an MS and students who received a PhD (n = 125).
If a student received a ChE graduate degree (MS or PhD),
they were assigned a value of “1.” If a student did not re-
ceive a ChE graduate degree, they were assigned a value
of “0.” Students whose degrees were likely still in progress
at the time of this study were excluded, with “in progress”
defined as more recent than 2018 for PhD students (28 out
of 66 are in progress) and more recent than 2020 for MS
students (68 out of 155 are in progress). The average of this
data set therefore equaled the percentage of students from
each population who received a ChE graduate degree, which
allowed comparison of the two populations as it relates to
degree conferral. Shown in Table 1, students who took the
bridging course sequence were somewhat more likely (six
percentage points) to receive a graduate degree than those
who employed the ad hoc method. With this in mind, the
examined data indicate that students who enroll in a bridg-

a six-credit, two-course bridging sequence versus taking as
many as 19 credits (six undergraduate preparatory courses).

To quantitatively analyze the GPA performance of the 125
students who received a ChE graduate degree (MS or PhD),
the letter grades for each course (first and second bridging
courses, and the four core graduate courses) were converted
into a numerical GPA in accordance with Table 2.

The average GPA for each core graduate course, the first
and second bridging course, (denoted as “Bridge 1” and
“Bridge 2,” respectively) and the overall average in chemi-
cal engineering graduate coursework (four core courses plus
both bridging courses) were calculated for each population
(“Bridging” and “Ad Hoc”); these results are displayed in
Figure 1. It is observed that the scores in each core course,
as well as the overall GPA, appear similar and are within the
standard deviation for each population; this indicates that
students were able to achieve a similar level of success on
a GPA basis between the Bridging and Ad Hoc populations.

TABLE 1
Comparison of Degree Conferral for Ad Hoc
Versus Bridging Groups
Entire Population (125 students) 83%
Ad Hoc (100 students) 82%
Bridging (25 students) 88%

TABLE 2
GPA Conversion (letter grade to numerical)

ing course sequence should not have any diminished expec- Letter Grade GPA
tations qf receiving a ChE .graduate degree? as compa.red. to Plus Regular Minus
completing ad hoc preparation measures. Since the bridging
courses require less time and investment to complete com- A 4333 4.000 3.667
pared to ad hoc measures, the strategy of utilizing bridging B 3.333 3.000 2.667
courses appears to be an attractive alternative for students. C 21333 2000 1.667
With regard to “less time and investment,” this varies by stu- -
dent but could be as much as the difference between taking D 1.333 1.000 0.667
OAd Hoc OBridging
40 | |
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o 20
[ . 3.5 3.8
2 31 || 58| [34[[31] 33|32 |34]|33] 33|34
o 10
>
<
0.0
Bridge 1 Bridge 2 Math Thermo Transport Reactors Overall
Graduate CHE Course

Figure 1. ChE graduate student GPA performance for 145 Ad Hoc students (shaded bar)
versus 76 Bridging students (empty bar) populations.
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To investigate the statistical significance and strength of
the GPA comparisons, the single-tail #-Test p-values were
calculated; Cohen’s d was also calculated for each com-
parison. These findings are shown in Table 3. Based on the
p-values, the differences in GPA for individual graduate
courses were statistically significant (p-value < 0.05) be-
tween the two groups, with the exception of the reactors
course (p-value = 0.15). Though these differences in class-
room performance were found to be significant in these
cases, it was observed that Cohen’s d indicates these effect
sizes are small-to-medium. These results indicate that the
difference in the means between the two populations was
small-to-medium compared to the variability in the means,
so any differences in student performance between the two
groups are likewise small-to-medium in magnitude.

Since the bridging course sequence offers the

In terms of degree conferral, Figure 3 shows an improve-
ment in the percentage of students completing their degree
for Biological Sciences and a decline for Physical Sciences,
although the relative change was quite small. None of the
Bridging students in the Humanities category have had suf-
ficient time to earn a degree; therefore, the degree conferred
metric for Humanities was not analyzed. Although the data
were not statistically significant, the trend directionally
supports the conclusion drawn from the broader popula-
tion. The authors recognize that the two-semester bridging
course does not replace a four-year undergraduate degree in
chemical engineering. However, it is encouraging that the
students, regardless of undergraduate background, generally
achieved similar outcomes between the Ad Hoc and Bridg-
ing populations.

advantage of reducing the number of credit hours
required and has a slightly higher relative rate of
degree conferral, while the average GPA difference

TABLE 3
GPA Statistical Parameters

in subsequ.ent. courses was not large, it is concluded Graduate Math | Thermo | Transport | Reactors | Overall

that the bridging course sequence represents an effi- Course

cient way to help students without an undergraduate +Test

ChE degree achieve success in ChE graduate school p-value 0.00 0.00 0.04 0.15 0.00

h hod.

compared to an ad hoc method Conenrs g 059 | 051 031 0.19 0.49
In an effort to indicate the impact of student un- onen's - - -

dergraduate background on ChE graduate school Medium | Medium Small Small | Medium

success for the Bridging and Ad Hoc approaches,

the student groups were further divided into three

categories of undergraduate degree background. TABLE 4

The three categories were Biological Sciences (52

Undergraduate Degree Background

students), Physical Sciences (155 students), and Hu-

Physical Sciences

155 Students (70%)

manities (14 students), as shown in Table 4.

Biological Sciences

52 Students (24 %)

The average chemical engineering GPA and de-
gree conferred percentages were calculated for each

Humanities

14 Students (6%)

of these undergraduate degree background groups,
as shown in Figure 2 and Figure 3, respec-

tively. As could be expected from the data
presented in Figure 1, there was minimal
difference between the GPAs for the Ad
Hoc and Bridging populations between the

4.0

OAd Hoc  OBridging

HH

Biological and Physical Sciences groups. 3.0

It should be noted that after sorting the
groups into relatively smaller populations,
the 7-Test p-value indicated that the GPA
data were not statistically significant oth-
er than the Humanities category. For the

2.0

1.0

Average GPA

Humanities category, the students who 0.0

[ —

3.3

I [ .
L rem

29 3.3 34 3.3

took the bridging courses earned a higher
GPA; however, the population was small
and thus the effect size was large. The sta-

Biological Sciences

Physical Sciences Humanities
Undergraduate Degree Background

tistical parameters for these data sets are
shown in Table 5.
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Figure 2. Average GPA by Undergraduate Degree for Ad Hoc

and Bridging populations.
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ONo Degree ODegree Conferred
10% . [ 8% | 13%
0,
90% 100% 93% 88%

CONCLUSIONS
100%
It was found that a bridging course se- 900/:
quence resulted in a modest increase in £ 80%
the rate of students with undergraduate § 70%
backgrounds outside of ChE successful- fn: 60%
ly completing a graduate degree in ChE S 50%
when compared to an ad hoc method of g 40%
i ] & 30%
taking multiple undergraduate core cours- g o
es. Analysis of GPA data showed that e 20%
. . 10%
while the ad hoc approach resulted in a 0%
higher GPA on average and in some indi-
vidual graduate core courses, any differ-

Biological Ad Hoc Biological Bridging Physical Ad Hoc Physical Bridging

ences were considered small-to-medium
according to Cohen’s d. Given that the
course load decreased significantly from

Figure 3. Degree Conferred by Undergraduate Degree Background.

the ad hoc (19 credit hours) to bridging

. ; TABLE 5
course sequence (6 credit hours), this GPA Statistical Parameters
indicates that taking a bridging course
sequence represents an improvement in Undergraduate Biological Sciences | Physical Sciences | Humanities
preparation for students with regard to Degree
both time and cost. Dividing the popula- p-value 0.07 0.24 0.01
tion by undergraduate degree confirmed 042 0.12 226
the same trends identified in the aggre- Cohen’s d
gate analysis. On the whole, this study Small Small Large

concludes that use of a bridging course

sequence is similarly effective as ad hoc preparation, with a
somewhat higher percentage of students receiving a gradu-
ate degree at a lower time and cost commitment.

NOTICE

Preliminary discussion and findings from this work were
previously presented at the 2023 AIChE Annual Meeting '
while discussion of the structure of this study was presented
as a Work-in-Progress paper in the Proceedings of the 2023
ASEE Annual Conference.!'” Background information on
course rationale, development, and assessment strategies
has been documented in previous work.!':>7
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