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Abstract

A critical evaluation was performed comparing final
course grades earned by dual-degree STEM students with
their peers in the corresponding single-degree programs.
The goal was to understand if students in a dual-degree
STEM program can obtain grades comparable to their
single program peers. There is no published analysis on
how the final course grades of these dual-degree STEM
students compare with those of the single-program stu-
dents in their respective courses. A set of success factors
was developed and showed that the dual-degree STEM
students achieved comparable success on all three factors
when compared to their single-degree peers. The results
also showed that there was no evidence of a senior slump
in their final spring semester. The results of this research
can be used to further understand the relationship be-
tween dual-degree and single-degree program success
along with engineering and business student success.
Recruiting staff at universities can use these results to
convey to hiring agents that dual-degree STEM students
are capable in both component programs. University ad-
ministrators, who are considering creating a dual-degree
STEM program, can use these results to understand that
students in dual-degree programs can be as successful as
the component programs.
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Introduction

Objectives

Students graduating from the Management and
Engineering for Manufacturing (MEM) program at the
University of Connecticut, Storrs (UConn) eam a degree
from both the School of Engineering and the School of
Business. The MEM program is a science, technology, en-
gineering, and math (STEM) program that was formed in
1990 and is the only program of its kind combining two
STEM components (engineering and manufacturing) with
a non-STEM component (business). The MEM program
and curriculum are similar to other programs (discussed
in the Background section below) and the analysis here,

while focusing on MEM, can be generalized to these other
multidisciplinary STEM programs. There are no studies
that quantitatively analyze the success of these STEM stu-
dents in engineering or business classes compared with
students from the component business and engineering
majors. One study similar to this research compared the
success of engineering and business students after com-
pleting an analytics project (Scala, Tomasi, Goncher, &
Bursi, 2018). That research concluded that the engineer-
ing and business students reacted differently to the same
activity — with engineers showing higher scores. Based on
discussions and meetings with the author, there is an as-
sumption by engineering faculty that the MEM students
do not have equivalent technical skills when compared to
the students in the engineering programs. Also, through
discussions and meetings with the author, on the business
side, there is a perception by business faculty that MEM
students will not do as well since they are perceived by
these faculty as more technically (engineering) focused.
A quantitative analysis of these issues was developed and
used to address whether students from a dual-degree
program, like MEM, can perform as well as their engineer-
ing and business school peers.

The research presented in this article builds off of past
work that analyzed the success and course patterns of
students entering STEM programs (Wang, Lee, & Wicker-
sham, 2019). This previous work also implemented the use
of success metrics and course map analysis to determine
student success. While the previous work studied transfers
into STEM fields, the work discussed here used a similar
methodology (Wang etal., 2019) to study students within a
STEM program. In addition, the previous work looked at the
connection between course-taking pattemns and transfer
outcomes in STEM. The research in this paper compared the
final course grade for MEM students from an engineering
or business course with others that were taking the same
course. A set of success factors were developed and used to
provide a quantitative analysis. These numbers were used to
test the five questions presented below.

1. Are MEM students better engineering and
business students than their single degree peers?
« Business < MEM > Engineering

2. Are MEM students equal to their engineering and
business student peers?

« Business = MEM = Engineering

3. Are MEM students worse than their engineering
and business student peers?
« Business > MEM < Engineering

4. Are MEM students better at one major
than their engineering and business student peers?
« MEM < Engineering; MEM > Business
« MEM > Engineering; MEM < Business

5. Is there any measurable impact of taking the
courses during the fall and spring semesters?
« In particular, is there a“Senior Slump” causing a
lower grade in the spring semester of the senior
year compared to the fall semester of senior year.

No research has been conducted to study these questions
for the MEM program. Therefore, this research will pro-
vide new insights into the MEM program curriculum and
student success and provide analysis techniques that can
be used for other multidisciplinary programs — including
multidiscipline STEM programs.

Justification

It is important to set up MEM students for success, as
research has found that over 25 percent of STEM students
do not remain in a STEM field by age 30 (Jelks & Crain,
2020). A study of one liberal arts college graduation rates
found that 38 percent of students classified as STEM at one
point in their college career do not graduate with a STEM
major (Walczak et al., 2020). Other research on STEM
discusses the importance of instructors in the persistence
outcomes of STEM students (Ferrare & Miller, 2020).
MEM majors at UConn take 138 credits, which is 18 more
than is typically required for a major and 12 less than a
double major (UConn internal academic standards). Table
1 shows a list of courses and course titles by category that
MEM students are required to complete. The courses span
the entire STEM spectrum with the “S”in the core science
classes, “T" as a part of the manufacturing curriculum, “£”
from the engineering courses, and the “M” from the core
math courses. Table 1 can be used to match the course
number used throughout the paper to the course title.
Given that courses at UConn are generally 3 credits for a
non-lab, this means that a typical MEM major is taking six
extra courses during college.

It is important to understand that these STEM stu-
dents are not only achieving success after graduation

Journal of STEM Education

Volume 23 « Issue 1

January-March 2022



MATH 2410

Table 1. Complete list of the courses, by category, which must be completed by MEM majors

(currently the highest average salary, $65,500, of School
of Business graduates), but also that the MEM program
is producing graduates with the skills that the major re-
quires. While starting salary is a strong measure of suc-
cess, it does not measure the quality of the two compo-
nents of the degree. If these STEM students do not have
strong engineering skills or business skills, how should
a curriculum be adjusted to fit this deficiency? The data
analyzes all engineering and business courses that MEM
students have taken over the past five years. Analysis of
this data set helps to identify weak areas that can be ad-
dressed through curriculum changes. Such changes may
impact the number and type of courses that need to be
taken.

Qualitatively, it is important for these STEM students
to know these results so that they can see themselves
as both engineers and businesspeople. When spending
a significant amount of time attaining such a complex
degree, it is useful to know how these STEM students
compare to their engineering and business peers. When
searching for jobs, these STEM students will know that
they can target either engineering or business positions.
Faculty advisors can be confident that they are sending a
graduate into a position where they can succeed. Employ-
ers can see the benefit of such a scarce skill set and see
the added value of paying a higher salary to a multi-disci-
pline STEM program graduate. Finally, those that work in
multi-discipline STEM programs will have a quantitative

assessment to rebut others who might look at these STEM
programs as an incomplete engineering degree and an
incomplete business degree. It will go a long way to truly
call these STEM students and graduates by both titles that
they have earned. STEM students and graduates can be
engineers and businesspeaple.

For more information on the MEM major. Visit the fol-
lowing webpage: www.mem.uconn.edu.

Background

There are many programs that are similar to the
MEM program; however, many of them are engineer-
ing management programs that do not provide a core
set of courses on manufacturing and/or only confer one
degree from one school. MEM, by definition, provides a
manufacturing component and is a dual-degree program
that confers two degrees, one from engineering and the
other from business. Even with these differences, the
related programs provide a good comparison to UConn’s
MEM program, as these programs have significant en-
gineering and business components. It is important to
note, that programs defined their success through post-
graduation statistics (which are generally very favorable)
and not through direct comparison of the courses within
the program. Another issue is that the literature or other
publications may not be clear on the definitions of a dual-
degree program (Knight, 2011). The generally accepted
definition of a dual-degree is two separate degrees earned

simultaneously and earned/conferred at the same time.
The programs must be highly coordinated and ultimately
reduce the time to obtain either degree separately (Ngo,
2020). A Double major is a single degree with two areas
of concentration (Ngo, 2020).

The dual-degree programs can be composed of en-
gineering and business courses that are based on skills
identified by industry experts. Several previous papers
(discussed below) discuss the key skills that need to be
addressed for linked engineering and business programs.
The assessments separate perceptions of needs based
on categories such as academics, industry, and students
(Nquyen, 1998)(Karimi & Pina, 2021). The perceived
needs to be addressed by the linked curriculum do vary
by category, but clearly identify that a broad skill set is
needed. There have been initiatives in curriculum devel-
opment that have implemented combined engineering
and business capstone projects to increase the exposure of
engineering students to business skills (Franchetti & Ariss
2016). Other research evaluated perceptions of graduates
in the workforce (Josephine Flemming et al., 2010). This
research concluded that employees who graduated with
dual-degrees do not have a uniform perception of skill
sets by employers; however, it was suggested that dual-
degree graduates could be promoted more rapidly.

Several papers (discussed below) discuss the spe-
dfic needs of manufacturing professionals. Several papers
discuss the manufacturing curriculum needs or discuss

Journal of STEM Education

Volume 23 « Issue 1

January-March 2022


http://www.mem.uconn.edu

factors manufacturing professionals use in selecting
universities from which to hire manufacturing gradu-
ates (McGunagle & Zizka, 2020)(Jang, 2015) (Todd, Red,
Magleby, & Coe, 2001). The two top rated responses were
related to 1) having a manufacturing degree and 2) hav-
ing relevant manufacturing courses. An analysis (using
the House of Cards approach) assessed the business skills
that were most important for manufacturing engineering
graduates (Saunders, L. Ken, & Saunders, 2004). Based
on this assessment the faculty can address the perceived
company skills within the context of the university. When
considering globalizing the manufacturing curriculum,
foreign lanquage proficiency and cultural awareness need
to be incorporated (Swearengen, Barnes, Coe, Reinhard,
& Subramanian, 2002). Finally, a dual-degree master’s
program for systems engineering and leadership has
many of the key skills and course structure found in the
other programs discussed in this paper (Brown & Mendel-
son, 2003).

There are similar programs that combine a business
and engineering curriculum. An overview of similar pro-
grams is provided below. The differences in the programs
highlight the unique curriculum of the MEM program.
However, since all of them are multidisciplinary, they
could potentially adapt the research methods presented in
this paper to assess the individual component programs.

« (larkson University has an engineering manage-
ment program with around 300 students (Milne & Zan-
der, 2012). This program reflects the diverse background
of the MEM program by requiring students to take a com-
bination of engineering, business, and general studies but
lacks the dual degree aspect of the MEM program.

«There are multiple double degree programs in Aus-
tralia where engineering is combined with various busi-
ness degrees (Griinwald & Zenon J. Pudlowski, 2002).
These degrees are offered at over 30 schools across the
country. The difference between MEM and this program
is that these double degree programs require completion
of two separate program qualifications, while the MEM
program is one complete program.

« A comparable program to MEM is offered by the
University of Singapore (National University of Singapore,
2020). This program also offers the engineering compo-
nent, but it lacks the manufacturing component. The lack
of the manufacturing component adds flexibility to the
schedule and allows students to choose an engineering
subdiscipline as a focused “module” for study.

- Lehigh University offers a program linking engineer-
ing and business with a similar course load to MEM — 137
credits (Lehigh University, 2020). Again, without the
manufacturing component, this program offers the flex-
ibility to choose an engineering subdiscipline to focus on.
Enrollment is also similar to MEM with enrollment around
135 and around 45 graduates per year.

« The University of Pennsylvania offers a dual-degree
in Management & Technology (M&T) combining the

Wharton School of Business with Penn Engineering (Uni-
versity of Pennsylvania, 2020). This program is the oldest
dual-degree program at the University of Pennsylvania
having formed in 1977. The M&T degree is highly indi-
vidualized in contrast to MEM’s highly scheduled course
load.

« There are master's programs that offer a combination
of engineering and business. Harvard Business School of-
fers a two-year program that is a collaboration with the
MBA program and the School of Engineering & Applied
Sciences (Harvard Business School, 2020). The program
starts with a business focus but becomes more systems
engineering focused. A more traditional Master of Science
such as the one offered by Boston University, is purely for
non-business students (Boston University, 2020).

- The University of Connecticut recently launched a
dual MBA/MEng program (University of Connecticut,
2020). This program is 69 credits of combined MBA and
MEng courses.

This is not intended to be a complete list, but it pro-
vides an overview of the different programs that offer en-
gineering and business as a dual-degree or closely related
degree type. The unique characteristics of UConn's MEM
program is that it adds a manufacturing component to
the engineering and business coursework, while allow-
ing most students to graduate in four years. An analysis,
such as described in this paper, on each of these programs
would be of interest to assess the success of each com-
bined programs above with their component programs.

Guidance to Reader

This paper introduces a new way to assess student
success through a series of success factors. These success
factors were developed to allow these factors to be adapt-
ed to other similar intra-major or inter-major analysis of
course outcomes. The course grade-point-average (cGPA)
is based on the GPA system used throughout the United
States; however, for this study, it is used as an assessment
of grades within one course. Another success factor is the
key success factor (KSF), which uses the total number of
A'sand A-'s earned by students to identify successful com-
pletion of a course. It is most common to set an A as the
only successful course outcome; however, most students
would describe an A- as a success. This is generally true for
harder or higher-level courses. The final factor used was
an excellence factor (EF), which takes the ratio of A to
A-'s. This provides insight into how many of the successful
students excelled in the course. It is expected that the EF
would be lower for MEM majors in the more technical/
specialized courses, since MEM majors are, by definition,
generalist that might not have the depth of knowledge for
a specific topic.

Parameters other than major were also studied.
These parameters included course semester and student
academic standing. The idea of a “senior slump” used

the course semester parameter. A senior slump is when
students (generally seniors) in their last semester do not
work as hard in classes since they either have a job or oth-
er after-school career path that does not depend on their
final semester’s GPA. While some classes were low, there
was no pattern of lower grades for seniors. The research
also examined the breakdown by class year (freshman,
sophomore, junior, senior). As might be expected, grades
in these courses were slightly lower for freshmen and
sophomore level students. Given that these courses are all
upper-level major specific courses, it was not surprising to
see this result.

Summary

The results of this research show that there is minimal
difference in the overall average of success factors between
MEM majors and success factors earned by the business and
engineering majors. Even within individual courses there
was not a significant enough difference to suggest a trend
or pattern. The few exceptions are discussed below, but
even these exceptions do not justify an examination of or
major change in the MEM curriculum. The independence
of semester and year on the course grade received suggests
that the recommended class order for students is reasonable
for the average student. The slight dip in the freshman and
sophomore year grades, implies that allowing them to take
these courses might result in a lower grade. However, the
CGPA was only 0.3 lower at maximum. This is not a significant
difference and could provide support for letting qualified
freshman and sophomore students enter these courses with-
out much risk.

Methodology

Data Source

The data used for analysis was the final course letter grades
(including + or — designation) for individual students from the
Fall 2015 to Fall 2019 semesters. The courses used were from the
MEM curriculum that were in either the School of Engineering
or School of Business. The data was provided by UConn's Office
of Institutional Research and Effectiveness, where the student
name was given a dummy ID to ensure confidentiality. Some
further processing was performed to assign course numbers,
student year, and course semesters to the data set. To simplify
the analysis, each major was separated into one of four major
categories as shown in Table 2. All engineering majors were
designated as engineering, all business majors were designated
as business, all MEM were designated MEM, and the remaining
students were designated as Other. These designations were
based on the stated major provided in the record; minors were
not evaluated. Grade designations of AU I, IF, N, NF. P@, W, S, U,
XF, WAU, and X were removed and accounted for 4,223 records.
These were removed as they are not part of the standard grading
evaluations and are used for special designations. After cleaning
the data (which included removing records with no grades or no
major), 43,900 useable records were produced with a distribu-
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all the remaining majors were designated Other.

Table 2. Rubric for assigning major categories

tion among the courses shown in Table 3. The courses are
listed alphabetically with engineering highlighted in green
and business courses highlighted in blue. Courses with less
than 25 records for any major category were removed from
the analysis. Table 3 confirms that there were enough stu-
dents in each course for the analysis to be statistically rel-
evant. The data was then analyzed in Microsoft Excel using
the process outlined in the Data Analysis section.

Quantitative Data Analysis

Note. Each major was separated into one of four major categories with all engineering majors designated as Engineering, all business majors designated as Business, all MEM students were designated MEM, and

The data analysis process started with the previously
cleaned data and was performed for each course and
major category using Microsoft Excel. Microsoft Excel was
used due to the availability and ease of use. The first step
was to do a simple count of the number of A through F
grades. This count also included the “+"and “—" designa-
tions. Numerical values for these were calculated using
the values for a four-point grade point average (GPA)
scale. The values were calculated using the values of A
=40,A-=37,8+=338=30,B-=27(+=

23,(=20,CG=170+=13,0=10,D-=07,
and F = 0.0. Next, a count of the number of freshmen,
sophomores, juniors, and seniors was performed. Finally,
the grades earned for freshmen, sophomores, juniors, and
seniors was calculated and for seniors the fall and spring
semesters were separated. This data was organized for use
in the data tables.

The first calculation performed was the GPA for each
major category based on course data. This is based on the
standard GPA that is used to assess one student over their

Note. Engineering courses are highlighted in green and business courses are highlighted in blue. See Table 1for complete course titles.

Table 3. An alphabetical list of courses and sample size (after cleaning) used for the data analysis
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Note. The analysis was performed after the letter grade was
transformed into the corresponding numerical value.

Table 4. Standard deviation of the cGPA

entire undergraduate career, which generates an average
grade earned over the entirety of the courses taken. This
standard GPA was revised to analyze all the students over
the time of a course, thus giving an average grade for
all students in a course over the time analyzed. The GPA
calculated was defined as the course grade point average
and designated cGPA to separate it from the standard GPA
for one-student over an academic career. This provided an
average student success value for each course and major
category using a standard 4.0 grade point scale.

Two calculations were performed next based on the
count of grades. The first calculation was a percentage of
A, A-, B+, B, B-, and <B- grades earned in each course
by major category. Grades of less than B- were grouped
together as they were generally a lower percentage of the
scores. Next the percentage of A grades (%A’) and per-
centage of A minus grades (%A-'s) were added together
to develop a key success factor (KSF). To further under-
stand the KSF, it is helpful to understand what success
in a course is. Going into a course, most students would
set their definition of success as an “A”in the course. For
this research, the definition of success was expanded to
include an “A-"This is generally accepted as a successful
grade — even if it is not the ideal grade. Because most
scholarships and programs require at least a 3.0 grade
point average, the concept of success was expanded to
include the "A-" grade. Another reason for counting the
A-as success is due to course load. Students may not have
time to focus on eaming an A grade and would define
earning an A- during a challenging semester as a success.
A second factor, a ratio of %AS to %A-'s, was calculated
to help emphasize the number of students who were not
only successful but also excelled in a course. This ratio is
designated the excellence factor (EF). The higher this EF,
the more students excelled. This provides a further break-
down of the KSF into high achievers.

The rationale for developing these equations relies
on research that correlates student GPA to academic suc-
cess. One study of overall college grade-point calculated
a reliability of 0.93 (Beatty, Walmsley, Sackett, Kuncel,
& Koch, 2015). Given that the availability of final course
grades and the consistency of this data, the final course
grades are not only a practical starting point but also a

theoretically sound starting point. Final grades were given
and stored in university databases for all students and for
all the courses that were needed for this research. Thus,
access to these grades was relatively simple. Grade point
averages are a common assessment of student success
(Brookhart et al., 2016) (Westrick, 2017), so an adap-
tion of a measure (cGPA) based on GPA should allow
for interpretation of student success. While GPAs are not
effective at predicting future success (Brookhart et al.,
2016), studies have shown that grades do predict school
success (Beatty et al., 2015). Success factors such as Suc-
cess at School Factor (SSF) (Bowers, 2011) are present in
literature to provide a starting point for new novel analysis
tools. The KSF and EF are final grade-based factors that
have been created to measure academic success. The cal-
culations used for this research were intentionally left as
descriptive to provide an overview of past student success.
Subsequent research is being completed by the author us-
ing machine learning for the prediction of student success.
The results presented in this paper, along with the subse-
quent research, will provide an analysis that can be used
t0 assess a dual-degree or combined program.

Tables were generated that separated grades by
course and major categories with averages provided for
further analysis. A difference between MEM and either
engineering or business students is also provided in the
tables to compare MEM student success directly to engi-
neering and business student success. Data for students in
the “Other” major category was included in the tables for
completeness but is not directly discussed. In most cases,
students in the “Other” major category did not perform
as well as the major categories that are the focus of this
research. This is an area that further research could explore
to understand the reason for lower performance.

Error Analysis

Error was considered to determine the variation within
major categories and between different major categories.
The ¢GPA standard deviation was calculated for each
major category and is shown in Table 4. To calculate the
standard deviation, the letter grade was first transformed
into the corresponding numerical value as outlined in the
Data Analysis section. As shown in Table 4, there is not a
significant difference between the major categories, indi-
cating that comparison across them is valid. The average
standard deviation of 0.7 reflects the fact that there were
a range of grades achieved. This is expected, because not
every student achieves the same grade. Since both the KSF
and the EF are calculated from a count of recorded grades,
the error in this value is not considered.

Results

Course Grade Point Average (cGPA)
One of the most used grade evaluation tools is the

grade point average. For this analysis, a four-point scale
was used for the calculation as outlined in the Analysis
section. Table 5A shows the results of the cGPA for busi-
ness courses. The averages and differences for the courses
show that there is no significant difference between the
CGPA for MEM and business. Engineering results were
lower; however, engineering only had data for two
courses, where engineering students received the lowest
(GPA (2.8) for the intro accounting course. OPIM 38071,
project management, was taken by all majors and will be
discussed further in a separate section analyzing courses
taken by all majors. Table 5B shows the results for the
comparison of engineering courses. Again, the MEM stu-
dents and the engineering students showed no significant
difference in cGPA on average and no significant difference
on a course level. Business students only participated in
one engineering course, CSE 1010 — Intro to Computers
for Engineers, where the cGPA was the same as MEM and
engineering.

Key Success Factor (%A+%A-)

The KSF data, Table 5C and 5D, for both business and
engineering courses produced results that show a slightly
better success by the engineering and business students
in their respective courses than the MEM majors. How-
ever, with a difference of -4% KSF average for business
courses and a -5% KSF average for engineering courses,
the data shows only a slight advantage for the business
and engineering major categories. In the business cours-
es, MEM students underperformed most in the business
law course (BLAW 3175) and the introductory manage-
ment course (MGMT 3101) — with a -12% each. The
introductory accounting (ACCT 2001) and introductory
marketing (MKTG 3101) courses also showed a decrease
(-9% and -6% respectively) in performance for the MEM
students. Only the introductory finance course (FNCE
3101) showed the MEM students over performing by
5% compared to the business students. When comparing
the success of MEM students to engineering students in
business courses, MEM students outperformed engineer-
ing students by 6% indicating a slightly better success
for MEM. However, engineering only had data for two
courses — ACCT 2001 — Principles of Financial Account-
ing and OPIM 3801 — Principles of Project Management.
The engineering course data shows a similar KSF analysis
with the business courses. There were two courses, ENGR
3215 — Industrial Quality Control (-15%) and ME 3227
— Design of Machine Elements (-14%) where engineers
significantly outperformed the MEM students. The ECE
2000 — Electrical and Computer Engineering (-7%),
ME 2233 — Thermodynamics (-6%), and the MSE 2102
— Material Science Il (-6%) courses also showed signifi-
cant difference between MEM and engineering. The only
course where MEM students outperformed engineering
students was MSE 2101 — Material Science |, and the
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Note. Business (A, C, ) and engineering (B, D, F) — (blue = business; green = engineering). The darker shaded areas indicate higher values. Table 5A and 5B show the results of the cGPA which is based on a four-point system
and averaged over the entire course for each major category. This is similar to the standard GPA that is used to assess one student over their entire undergraduate career. Table 5Cand 5D show the results of the key success factor
(KSF) which is the sum of A and A-'s for each course. The KSF was calculated by this method because most students would consider success as an A or A- in a course. Table 5E and 5F show the results of the excellence factor
(EF) which s a ratio of %A/%A-. The higher this EF, the more students excelled. This provides a further breakdown of the KSF into high achievers. This data shows that on average, MEM students performed comparably to their
business and engineering peers for the cGPA and the EF. There was a decrease in the KSF; however, it was relatively small at -4% compared with business peers and -5% compared with engineering peers.

Table 5. Grade breakdown table for each course analyzed

difference was only slight at 3%. The only course with
significant students from the business major category was
(SE 1070 — Introduction to Computing for Engineers, and
the business students outperformed both the MEM (7%)
and engineering (3%) students. The students in the CSE
1010 from the business major were a mix of all business
majors including accounting, business administration, fi-
nance, management and information science, marketing,
and management. The analysis of the KSF data indicates
that there are courses where the engineering and business
major categories had a higher KSF than MEM; however, on
average, these groups performed only slightly better than
the MEM students.

Excellence Factor (A/A-)

When analyzing for high achievers using the EF, the
MEM majors on average showed similar success — Table
5E and 5F The excellence factor was developed to analyze
those students who were successful in the course. The idea
was to see which of these students achieved an A in the
course and thus excelled. On average the MEM students
earned a slightly higher average EF (0.2) than the busi-
ness major category in the business courses. One outlier is
ACCT 2101 — Principles of Managerial Accounting where
the MEM students outperformed by an EF of 1.5. In the
engineering courses MEM students slightly lagged behind
the engineering students with an EF of -0.6. InENGR 3115
— Industrial Quality Control the trend continued from the
KSF where the engineers outperformed MEM (KSF -15%)
and EF of -2.2. This shows that the MEM students who

achieved success also did not excel as much as the en-
gineers. MSE 2102 — Material Science Il shows a similar
trend where the KSF was -6% and the EF was -1.3. In ME
3227 — Design of Machine Elements where the MEM KSF
was -14% the EF was only -0.3 indicating that those MEM
students who were successful were equally high achiev-
ing. In contrast, for CE 3110 — Mechanics of Materials the
KSF was equal for both groups; however, the EF favored
the engineers (-1.3). This shows that the engineers ex-
celled at a higher rate than the MEM students even with
an equal success rate. Both ME 3263 — Sensors and MSE
2101 — Material Science | showed slightly higher EFs for
MEM — 0.5 for each.

Courses with All Three Majors

There were three courses with students from all three
major categories. These courses are ACCT 2001 — Prin-
ciples of Financial Accounting, CSE 1010 — Introduction to
Computers for Engineers, and OPIM 3801 — Principles of
Project Management. While three courses cannot show a
definite trend, an analysis of the courses can help identify
potential trends. The average cGPA for each major category
showed no significant difference. However, in ACCT 2001
business students eamed the highest cGPA (3.3), MEM
earned the second highest (3.1), and engineering stu-
dents earned a significantly lower cGPA (2.8). This shows
that, in this business course, the business students earned
the highest grades, followed by MEM, and then engineer-
ing. When looking at the KSF for ACCT 2001 it shows the
same pattern as the cGPA — business 51%, MEM 42%,

and engineering 33%. CSE 1010 showed business with
the highest KSF (44%), engineering was next (41%),
and MEM last (37%). It was unexpected that business
students would achieve a higher KSF than engineer-
ing students in an engineering course; however, this
course is a computer course. Some business students
focus on computers and computer-related technology,
50 those that take this course are likely strong already
in computers and computer-related technology. The
KSF for OPIM 3801 again shows business students
on top (78%), MEM second (76%), and engineering
last (73%). Before concluding that business students
show the highest success rate, it needs to be noted
that two of the courses with all three majors are in the
business school and only one from engineering.
Analysis of the EFs indicate that a high KSF does
not correlate to a high EF. In ACCT 2001 engineering
students earned the lowest KSF (33%) but the EF was
the highest at 3.2. Business and MEM had EF of 2.8 and
2.6 respectively. A similar trend shows in OPIM 3801
where the highest EF was for MEM (1.7), engineering
students were second (1.4), and business students last
(1.2). For OPIM 3801, business students earned the
highest KSF (78%) but subsequently earned the low-
est EF (1.2). This data shows that high success (KSF)
does not correlate to excelling in a course (EF). While
a small sample size, analysis of courses with all three
major categories shows that there is not a relationship
between the three factors used in the analysis.
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Impact of Other Courses

Course Completion Breakdown by Year

Another important aspect of course grades is the se-
mester and combination of courses taken. Table 6 shows
a breakdown by major category of the semester that each
course was taken. As expected, most of the courses were
taken in the junior or senior year. This is expected because
the business school only accepts juniors and seniors;
along with this, the engineering courses used for this
analysis are generally upper-level courses that require
prerequisites. CSE 1010 is the major exception as most of
the MEM and engineering students completed this course
in their freshmen years; business students generally com-
pleted the course later in their academic career. For the
business courses, the MEM students were more likely to
complete the courses later in their academic career than
the business students.

CGPA by Year

An understanding of the impacts of cGPA by year is
important to test if course success is dependent on the
year that a student completes the course. Table 7 shows
the cGPA by major category summarized for each year.
The overall trend suggests that courses taken in the junior
or senior year have no impact on grade. There is a slight
reduction in cGPA for sophomore year — especially for
the engineering students. Fach major category showed

Note. The tables first sorted by major category and then by course. The percentages indicate what percentage of students completed the course in the corresponding academic standing. An average for each
academic standing is calculated in the last column. The darker shaded areas indicate higher values. This data shows that most students in the data set were juniors and seniors.

Table 6. Percent of students by year taking courses by academic standing

a noticeable reduction in cGPA for freshman year. The
data would suggest that students in their freshman year
would be expected to earn a lower cGPA. This follows the
logic that the courses used for this analysis are generally
upper-level courses that require prerequisites and prior
knowledge or experience that freshmen students have not
acquired.

¢GPA in Senior Year by Semester

The final analysis of other course impacts on grades
was done to test the concept of the “senior slump.” The
senior slump s the idea that senior-year students will not
work as hard their spring semester before graduation. Ta-
ble 8 shows the data collected to test this theory. First, the
overall cGPAs earned during senior year are provided for
each major category. Then, the senior year fall and spring
semester data were separated. The final row in the tables
show the difference between the fall and spring semester.
For the courses used in this analysis, there is no difference
between the average cGPAs over the courses for any of the
major categories. There are courses such as ECE 2000 for
engineering students where the cGPA is lower (1.4 lower
CGPA) during the spring semester, but that is compen-
sated for by other courses (ENGR 3215 0.6 higher cGPA).

Conclusions and Impact

Conclusion

The results of this research show that MEM students
achieved similar success when compared to the busi-
ness and engineering students. The ¢GPAs showed no
advantage for the single degree students over their MEM
peers. There was a decrease in the KSF for MEM — -5%
for business and -7% for engineering. This decrease in the
KSF would be expected from a generalist degree, but the
decrease is small. It could be arqued that MEM students
still showed significant success based on the cGPA values.
The EF values for individual courses and on average were
similar to KSF values in that there was some variation over
courses. Results also show that, on average, the MEM
students performed better than their business peers (0.2
EF). It was found that MEM students had higher EF in four
of the eight courses — ACCT 2101 (1.5), FNCE 3103 (0.4),
MKTG 3101 (0.1), and OPIM 3801 (0.2). For engineering,
MEM students scored higher in two courses — ME 3263
(0.5) and MSE 2101 (0.5). However, on average, MEM
students were not as successful with an EF of -0.6. These
results indicate that MEM students were able to achieve
high levels of success in the component degree courses.
Future research could investigate the reasons for the varia-
tions identified in this research in the success factors for
individual courses.
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Note. The tables first sorted by major category and then by course. An average for each academic standing is calculated in the last column. The darker shaded areas indicate higher values. This data shows that the
CGPAs for the Junior and Senior year students were the same. The Freshman and Sophomore students did show a decrease in ¢GPA of on average 0.22.

Table 7. The cGPA of students taking courses by academic standing

Note. The tables first sorted by major category and then by course. The first row shows the combined cGPA for the fall and spring semesters. The cGPA was then calculated for the senior year spring and senior year
fall semesters. The final row in the tables show the difference between the fall and spring semesters. An average for each academic standing is calculated in the last column. The darker shaded areas indicate higher
values. This data shows that on average there was no difference in performance based on semester.

Table 8. An analysis to test for the evidence of a senior slump in the spring semester of senior year

m Journal of STEM Education Volume 23 « Issue 1 January-March 2022



These insights are critical in helping students in STEM
programs understand that they can be both successful
business and engineering students. Before this study there
was no clear evidence to show how these STEM students
compared to their business and engineering peers. Some
anecdotal evidence supported the idea that they were less
successful than their single-degree peers. Other anecdotal
evidence suggested that these STEM students were some
of the highest achievers in their classes. Many professors
in the MEM program have seen these students obtain
quality jobs with high salaries. Post-graduation data
suggests that graduates from this program are valued
by employers and well-prepared for professional careers.
With these quantitative results, these STEM students will
be able to understand that they are achieving success both
before and after graduation.

The three newly defined success factors used for the
analysis demonstrate situations where different major
categories achieved high success (KSF) but not the same
level of excellence (EF) along with other combinations
of the factors. Even with some relatively minor variation
within courses, the overall averages for each of the success
factors showed that MEM majors were comparable stu-
dents to both engineering and business students. When
the senior year cGPA was further separated by fall and
spring semester, it was shown that the concept of senior
slump did not exist for the analyzed courses. Nor was
there any significant variation in the cGPA for junior or
senior years, suggesting that students had the required
knowledge to succeed in the analyzed courses in either year.
Sophomores and freshmen had a drop of 0.11t0 0.3 in cGPA,
as seen in Table 7, suggesting that the courses should be
scheduled for later in the academic career but, if taken early,
there would only be a small impact on success.

This research is an important first step in the assess-
ment of dual-degree programs and other multidiscipline
degrees. The motivation for this research was to address
the perceived problem that dual-degree programs cre-
ate generalists that are not proficient in the component
programs. This is especially important in STEM fields, such
as engineering, where there are established fundamentals
that engineering students must know by graduation. If
these fundamental skills are not provided in the curricu-
lum, then the students can face negative perceptions in the
workplace (Josephine Femming et al., 2010). The results
of this research directly address the concerns of employers
and demonstrate that the dual-degree students studied
do not have a significant deficit in fundamental skills. This
lack of deficit was shown in the analysis of the cGPA, KSF,
and EF values for MEM students, which showed little or no
advantage for the component programs. These results are
critical for all multidiscipline programs, as administrators
can use these results to demonstrate the effectiveness of
a dual-degree program or multidiscipline program. Sub-
sequent research by the author predicting student success

will complement the research in this paper and provide a
powerful set of assessment tools for administrators.

Impact

Administrators are looking for new ways to create aca-
demic degrees/programs that are not only interesting for
students but also have value for companies hiring these
students. These include dual-degree programs along
with similarly structured joint programs (Jones, 2020)
(Hartford, 2013)(Sharma, 2021). However, there can be
resistance to these dual-degree programs, as there might
be perceptions that the curriculum will result in graduates
who are weak in the individual component programs and
lack a quality STEM education. Dual-degree programs can
be perceived as inferior to their component single-degree
programs due to fewer program specific courses and/or
perceived lack of focus on a single program (Knight, 2011). This
can happen when the programs are truncated to create
balanced semesterly course loads. The results from this
paper demonstrate that a dual-degree engineering and
business program can produce comparable students that
are successful in the combined programs.. This research
is particularly relevant as it combines two programs
(business and engineering) that have limited cross-over
courses. Professionals considering hiring dual-degree,
STEM graduates can use these results to understand that
these students are capable in both component programs.
This provides more incentive to hire these students, as
they have a more diverse skill set than a single-degree
graduate. Administrators who are considering creating
a dual-degree STEM program can use this research as
evidence that combining programs does not necessarily
result in poor performance in the component degree or
STEM courses.
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