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Abstract

A 1 credit hour First-Year Engineering Course which
provides background to students on the engineering dis-
cplinary options available to them was redesigned to help
inform the selection of their engineering major for future
study. Initially, course administration was a large lecture
class but was transformed into a smaller classes that were
partially flipped (for the first half of the semester, the con-
tent was presented in videos posted on-line relating to en-
gineering disciplines) that allowed students to attend ses-
sions that were of greatest interest to them. Both versions
of the course were assessed through surveys. Finally, all
students enrolled in the redesigned course were inter-
viewed to discuss their progress in selecting an engineer-
ingmajor. The haseline data from the original course and
data from the redesigned course were compared to better
understand the effectiveness of the approach for informed
selection of an engineering major. And while there were
no statistically significant difference between the original
course and the redesigned course in terms of background
knowledge gained; the newly designed, partially-flipped
course was more effective in all other categories. Stati-
cally significant improvements were found for students in
terms of: learning, interest, and engagement. In the case
of engineering major selection, a partially flipped class-
room is deemed an effective approach.
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Engineering Education
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Motivation

Engineering educators are tasked with changing
traditional ways of educating engineers and broadening
the exposure of students to engineering careers, require-
ments, and opportunities (NAE, 2005). With the wide
range of research diting the need to transform traditional
lecture courses into more interactive and responsive envi-
ronments (Bonwell & Eison, 1994; Felder & Brent, 2009;
Goodman, Cunningham, Lachapelle, Thompson, Brennan,
Deldi, 2002; Prince, 2004), many colleges and universities
have begun transforming their engineering curricula in
favor of active learning approaches. One such approach is

the “flipped classroom,” which Bishop and Verleger define
as: “an educational technique that consists of two parts:
interactive group learning activities inside the classroom,
and direct computer-based individual instruction outside
the classroom” (2013).  Recently, the flipped classroom
approach has increased in popularity although the stud-
ies published recognizes both challenges and benefits
to the method (Mason, Shuman, & Cook, 2013; Strayer,
2012). Theoretically, this pedagogical approach is based
on Bloom’s taxonomy. Typically the lower-level of the
revised Bloom's taxonomy skills of remembering and
understanding (Anderson, 2001) are completed prior to
class without faculty guidance, while the higher level
Bloom's taxonomy skills are the focus of class work when
faculty guidance is available. In the current study, it was
hypothesized that a partially flipped classroom model
could benefit students in the selection of an engineering
major. Specially, by offering on-line videos that describe
the major as outside of class work (lower-level) and utiliz-
ing class time for interactive activities that give students a
true sense of what a professional would do in that given
field of study (higher-level).

Flipped Classroom Model

Some of the reported benefits of the flipped class-
room model include: making effective use of class time,
making good use of technology, accommodating various
learning styles (Mason, Shuman, & Cook, 2013; Bland,
2006), helping students become self-directed learners
(Mason, Shuman, & Cook, 2013), promoting life-long
learning skills (Bland, 2006), fostering collaborative learn-
ing (Bland, 2006) and personalized learning (Redekopp &
Ragusa, 2013), and increasing classroom engagement
(Redekopp & Ragusa, 2013). Investigating one specific
benefit, Stickel et al. surveyed students and found that
the level of faculty student interaction increased with the
inverted classroom model compared to a traditional class-
room (2014). It has also been reported that students
enjoy the direct interaction of faculty during class time
and the flexibility to leam new course material on their
own (Velegol, Zappe, & Mahoney, 2015).

While it was hoped that the students would see the
benefits of the inverted classroom approach, students

were less positive about the flipped classroom technique
after they had experienced it than they were before. There
are several potential reasons as indicated by prior studies,
including the natural tendency to resist change -- stu-
dents may be reluctant to try a new method (Mason, Hu-
man, & Cook, 2013; Herreid & Schiller, 2012) especially
since it requires a change to the way that they have ap-
proached course work and course preparations. Addition-
ally, it has been reported that linking the videos to in-class
exercises is critical to successful implementation so both
elements positively support each other and do not ap-
pear to be independent (Herreid & Schiller). Further, there
is not a “one size fits all” model for a flipped classroom
(Swartz, Velegol, and Laman, 2013), the content and the
instructor's approach are critical to the types of situations
best suited for a flipped classroom. In fact, there may be
portions of a course that are more appropriate than others
to employ the flipped classroom model and selecting the
most suitable times is critical to successful implementa-
tion (Kecskemety, Bucks, & Meyers, 2015). There have
also been documented institutional factors that influence
implementation and student reaction to the flipped class-
room (Kecskemety, Bucks, & Meyers, 2015).

Major Selection

The selection of an engineering major has been called
“the uninformed choice” (Seymour and Hewitt, 1999)
yet it is a critical decision that has long term implica-
tions both professionally and personally. A prior study
by Arcidiacono related to major selection found the de-
cision to be related to student ability. He also noted the
vast long term monetary implications for such a decision,
which was driven primarily by student interest in a study-
ing a particular major during college and secondarily to
a student’s preference for professional work. In general
terms it has been documented that students who eam
a degree in natural science earn significantly more than
students who major in the humanities and social sciences;
however, more recent work is focused on understand-
ing how student ability and performance effect major
selection. Finally, high ability students (which is linked
to math achievement) have been found to shift to majors
that result in more profitable professional pathways and
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lower ability students shift to“easier majors” (Arcidiacono,
2004). Student expectation of future earnings coupled
with ability have been found to be critical determinites of
college major; however, these perceptions may have errors
that would influence major change (Arcidiacono, Hotz, &
Kang, 2010). Social Cognitive Career Theory is based on
the idea that career development is a process related to
self-exploration and choice although there can be barri-
ers to career pathways: “a complex array of factors such
as culture, gender, genetic endowment, sociostructural
considerations, and disability or health status operate in
tandem with people’s cognitions, affecting the nature and
range of their career possibilities” (Lent, Brown, & Hackett,
2002).  This exploration and selection of an engineering
major is often a focal point of First-Year Engineering Pro-
grams, and this experience has been found to be “polar-
izing”either affirming a student’s plans to study engineer-
ing or a specific discipline or dissuading them all together
(Meyers, Bucks, Harper, & Goodrich, 2015). Theoretically
focused on Social Cognitive Career Theory, an engineering
course designed to help students make an informed selec-
tion of an engineering major was assessed.

Introduction

A 1 credit hour course that is required for all incom-
ing First-Year Engineering students was assessed before
and after a course redesign. The goal of the course was
to provide background to students on the engineering
disciplinary options available to them; intended to make
student selection of an engineering major “an informed
choice” The institution studied is a medium sized univer-
sity with an undergraduate population of approximately
13,000. Each year the First-Year Engineering Program
enrolls 200-250 new students, with ~1,000 students in
all engineering program across disciplines.

For many years, the approach to teaching students
about the different engineering disciplines available at an
Urban, Public University was a large enrollment, lecture
format course. It was a passive learning environment that
was administratively simple with a single section and one
faculty instructor. The course is not atypical of an insti-
tution with a common First-Year Engineering Program
in which students take common courses the first year
and then select an engineering major at the end of that
year. The course design did not consider more recently
developed educational best practices and was unpopular
with students as indicated in the baseline data collected.
To address student concerns and promote informed de-
cision making, a proposal for an educational innovation
related to redesigning the course was submitted and ac-
cepted by the National Academy of Engineering Frontiers
of Engineering Education Symposium in 2013. Working
with other educators from across the country a new ap-
proach to teaching First-Year engineering students about
the different engineering disciplines was developed and

Original Course

Redesigned, Partially Flipped Course

e N

20-25 students
per section

Chemical Electrical

2 Faculty Members

3 Adjunct Faculty-
Industry Professionals

-

Figure 1. Comparison of Course Structures

implemented in the fall of 2014.

The primary goal of the course remained constant
throughout the redesign: to help educate students on
the five different engineering disciplines (Civil, Chemical,
Electrical, Industrial, and Mechanical) offered at the insti-
tution in support of informed major selection. The objec-
tive was to expose the students to each of those majors
so that they initially select the best engineering major for
themselves to promote educational and professional per-
sistence (as well as to minimize major changes and time
to graduation). The original course involved 1 large sec-
tion of 200+ students with 1 course instructor, and each
of the five engineering disciplines had 2 weeks to present
information on their program. There were 2 weeks left
at the end of the semester in which students also heard
about internship and co-op opportunities available to
them as well as a panel of professionals from different

engineering disciplines.

The newly designed course involved using 5 instruc-
tors representing each of the disciplines of engineering (2
full time faculty and 3 industry professionals hired as ad-
junct faculty) over 10 sections of 20-25 students per sec-
tion to engage in small group activities. Students attend
a session for each discipline on a weekly rotating basis.
Figure 1, above, is a graphical representation comparing
the course structure of the original course (left) and the
newly designed course (right).

The new course cut the time spent on the five disci-
plines in half such that each discipline had only 1 class
session but the time was used to work on a hands-on
activity related to that engineering discipline. In prepara-
tion for class each week, students were required to watch
ashort (5-10 minute) video on the engineering discipline
they were focused on in class that week (flipped class-

Week # Original Course (2013) | Redesigned Course (2014)
1 Introductory Class Session
; Hands-on Class Sessions on each of the 5
7 engineering disciplines (Civil, Chemical, Electrical,
P Industiral, and Mechanical) 1- 50 minute class
eriod
5 p
7 Resume Workshop and Co-op / Internship
Lecture on different engineering disciplines: Discussion
Each of 5 disciplines (Civil, Chemical, T T RS S. _—_—
8 Electrical, Industrial, and Mechanical) have 2 4 00s€ |c. |SC|p.|ne. acu yre'prfeSt.an atives
) . (academic requirements of a discipline)
50 minute class periods
9 Choose Which Discipline: Upper Division Students
10 Choose Which Local Engineering Company to Tour
1 Choose Which Discipline: Engineering Campus Lab
Tours
Choose Which Discipline: Professional Societ
12 Lecture on Co-Op / Internship Opportunities : Iscipll I 1=
Panel of Student Members
13 Panel of Engineering Professionals from Choose an engineering professional to conduct an
different disciplines informational interview
Final Exam: Meet with an Engineering Course
14 N/A Instructor to Discuss Engineering Discipline
Selection

Table 1. Week by Week Comparison between the Original and Newly Designed Courses
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room). The students also participated in a resume work-
shop with professional practice staff leading sessions in a
computer lab. Then the remainder of the semester was
devoted to student choice, where students could select
which class they wanted to attend depending on their
engineering disciplinary interest (five sessions were going
on in parallel in different rooms, students would go to the
room of the session they wished to attend). These ses-
sions were mostly lecture format; however, the class sizes
were small to allow interactive discussion. Some of the
disciplinary class sessions included meeting with engi-
neering faculty, upper division students, off campus tour
of an engineering facility, interviewing an engineering
professional. On a weekly basis students were required
to complete a survey and journal entry of their reaction
to the prior week’s session. There was also a “final exam”
for the course which involved every student meeting with
one of the five course instructors to discuss their selection
of an engineering discipline for futures study (15 minute
meeting). A week by week comparison of the original
course to the redesigned course is shown in Table 1 on the
previous page. The grey cells indicate the class sessions
that are based on student choice.

This paper seeks to expand the engineering educa-
tional communities understanding of how a “partially
flipped classroom” can aid in the informed selection of an
engineering major, and addresses the following research
questions which compares the original (2013) to the
newly designed (2014) course:

1) Through which course structure did students gain a
higher level of background knowledge of the different
engineering disciplines?

2) Which course structure was more effective for student
learning?

3) Which course structure yielded higher student inter-
est?

4) Which course structure had a higher level of:
a. Student engagement?
b. Distraction?

5) Through which course structure did students indicate
a higher degree of certainty of their engineering disci-
pline selection?

Methods:

Students participated in multiple surveys during both the
baseline course administration in 2013-2014 as well as
the newly designed course in 2014-2015. Students were
asked to report which engineering discipline they were
most interested in pursuing (and how certain they were
of that discipline selection) at 3 points: (1) at the start of
the semester (prior to learmning about any of the engineer-
ing disciplines in class), (2) at the middle of the semes-
ter, and (3) at the end of the semester. At the end of the
fall semester when students completed the engineering
orientation course students were asked about their per-
ceptions of the course and their responses were analyzed
statistically. Responses were collected using BlackBoard,

Course Administration Potential Total Response Male % Male Female % Female
Respondents [ Respondents Rate Respondents [ Respondents [ Respondents | Respondents
2013-2014
L. 234 204 87.2% 167 81.9% 37 18.1%
Original Course
2014-2015
K 207 192 92.8% 145 75.5% 47 24.5%

Newly Designed Course

Table 2. Summary of Student Survey Respondents

Table 3. Summary of Responses from Original Course (2013)

and while responses were not anonymous, all identifying
information was removed from the dataset prior to analy-
sis and replaced with a generic “respondent identification
number.” Table 2, ahove, is a summary of student survey
respondents from each administration.

Summary statistics are reported, as well as Wilcoxon
Rank-Sum Tests of statistical significance were evalu-
ated. Rank-Sum tests are a non-parametric test that does
not assume a normal population distribution. All of the
questions were on a Likert scale, and the quantitative re-
sponses were coded such that a more positive response
was a higher value and a less positive response was a
lower value. Statistical analysis was conducted using the
statistical software package STATA®.

Data was again collected based on student reaction to
the course as well as the retention and rate of disciplinary
change were tracked. All students enrolled in the course
were invited to meet individually with a faculty member
at the end of the newly designed course to qualitatively
understand their perspective on the selection of a major,
89.5% of students were interviewed.

Results:

Original Course 2013-2014:

Students were surveyed about their perceptions of the
course and the responses were compared for differences
between (1) Honor Students, (2) white and non-white
students (effectively grouping all minority groups to com-
pare against the majority group) and (3) female and male
students. The honor students met in a small class of ~35
students but sat through the same lecture format that all
the other students did in a large lecture (200+) class set-

ting. There were no statistically significant differences
between the honor students and all the other students
indicating, that just reducing the class size but not the
approach (active vs. passive leaming) did not improve
the student experience. And while there were no sta-
tistically significant differences for minority students
there were for women. In fact, women rated the course
lower in terms of how it influenced their selection of
engineering major as well as how interesting, engag-
ing, and effective they found it. Finally, women students
also found themselves more distracted during class. So
while all students gave feedback that the course was in-
effective, it was particularly ineffective for women. As
shown in Table 3, above, women consistently indicated
lower ratings as to the use of class time and their en-
gagement.

Redesigned Course 2014-2015:

The course was redesigned as described previ-
ously to shift from a lecture format, smaller class size
involving active learning, and student choice over ses-
sion selections. Following the same procedure as the
baseline study of the original course, students were
surveyed multiple times throughout the First-Year
Engineering Courses. The survey at the conclusion of
the redesigned course asked students to indicate their
perceptions. The results were quite different than the
original course; however, male and female students
that participated in the newly designed course report-
ed similar perceptions. The only statistically signifi-
cant difference was in terms of how effective students
rated class time which was now actually rated higher
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for female students than male as shown in Table 4, to the
left, which reports the mean values on a 5 point Likert scale.

The course was managed by the same faculty member
for both the original and redesigned course administra-
tions. The original course only had 1 instructor (and quest
lecturers) for all students, while the redesigned course had
5 instructors one of whom was the same as the original
course offering. In the newly designed course, the stu-
dents did not have a single course instructor rather they
interchanged and had all 5 instructors on a rotating basis.
The same survey questions related to perceptions of the
course were compared using a Wilcoxon Rank Sum test
for both the original and redesigned versions of the course
and are summarized in Table 5, to the left below. In terms
of background knowledge gained through a lecture based
or partially flipped classroom there was no statistically sig-
nificant difference. The student perception of the classroom
experience was statistically different in all other categories.
Studentsin the redesigned course rated it higher in terms of:
interest, engagement, and effectiveness for student learn-
ing. Additionally students were less likely to indicate they

were distracted during class in the redesigned course than
the original. Comparisons for male and female differences
were also reviewed. Women in the redesigned course rated
the background knowledge gained higher than the original.
The only other difference noted was that there was not a
statistically significant difference in the perception of male
students between administrations in reporting effectiveness
of student leamning.

Students were also asked how they felt the course influ-
enced their plans for selecting an engineering discipline for
future study. There was no statistically significant difference
between the responses in 2013 and 2014, and no gender
differences. As part of the course surveys, students indicated
the engineering discipline they were most interested in at
three points during the school year: (1) at the start of the
fall semester (prior to learning about any of the engineering
disciplines in class), (2) at the end of the fall semester, and
(3 in the middle of the spring semester when they officially
“declare” which field of engineering they plan to pursue.
In tracking students selections, in 2013 22% of students
changed majors from their original selection while in 2014

33% of students changed majors. Students were also asked
Table 5. Comparison of Student Responses: Original (2013) & Redesigned Course (2014) how certain they felt about their engineering discipline

selection shown in Table 6, below, and there was a statis-

Table 6. Certainty of Engineering Discipline Selection
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Table 7. Student Reaction to On-Line Videos

tically significant difference between 2013 and 2014 (more
certain of their major selection in 2014), there were no statisti-
adlly significant differences by gender. The goal of the course
was to encourage informed decision making in selecting the
“Tight engineering major” early on to increase persistence and
decrease time to graduation. Researchers will not know if
this goal has been reached for 3-4 years to determine what
percentage of students graduated in the major they indicated
initially as First-Year Students and what percentage of major
changes occur for upper division students.

This newly designed course is administratively labor
intensive and in the short term does not show a differ-
ence in the percentage of students that switch majors in
the First-Year. However, it has a high approval rating from
students and they do indicate that they feel they have a
better understand the different engineering majors and
feel more certain of their selection. Itis hypothesized that
long term, students will be less likely to change engineer-
ing majors in the future but that data is not yet available.

Student Reaction to the Videos

During the first five weeks of the course when stu-
dents were rotating through the different engineering
disciplinary hands-on sessions, students were asked in
a survey about the quality, helpfulness, and relevance of
the 5-10 minute video that they watched related to that
engineering disciplinary session (they watch the related
video in preparation for the upcoming class session). A
summary of all student responses across all five weeks is
summarized in Table 7, above.

Each week, ~5% of students reported that they did not
watch the video in advance of class. Overall, the vast major-
ity of students rated the videos in the highest two categories
(somewhat to very high/helpful/ relevant). While these
survey responses were quite positive, the qualitative free
response items offer further insight. The following 3 quotes
show that some students are not engaged with watching
videos and offered a couple of suggestions as to what we
can add that they would like to see.

“When | watched the video | found it boring. That’s
probably because that’s not what | am interested in. |
did think it explained the mechanical engineering dis-
cpline”

“Ifelt that it was slightly dry and didn't go into too much
detail | would have liked to watch a video of student
projects, students in the classroom, and maybe an ac-
tual engineer on the job.

“No strong feelings either way. | am generally unrespon-
sive to videos.”

Discussion / Conclusions:

Revisiting the originally proposed research questions:

While other videos reinforced the high scores reported in
the surveys:

“The video that | watched about chemical engineer-
ing really gave me a clear understanding of what the
discipline of engineering actually is. | wasn't sure what
it was completely, but watching the video helped me
understand what it is. | still plan on Mechanical Engi-
neering for now, but the video for chemical engineering
helped me understand it significantly better”

“I was amazed at how much a civil engineer actually
does. | thought that they just worked on bridges and
roads, | was unaware that they basically work on all of
the worlds infrastructure.”

In the end of semester interviews, most students
indicated that the videos were nice to have available for
supplemental information; however, it was not the most
formative element of the course.

1) Through which course structure did students gain a higher level of background knowledge of the different engineering

disciplines?

There is no statistically significant difference between the original course and the redesigned (partially flipped)

course in terms of background knowledge gained.

Figure 2. Comparison of the Background Knowledge Gained by Year
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2) Which course structure was more effective for student learning?
The newly designed, partially-flipped course was more effective for student learning, especially for women (statis-
tically significant). Figure 3 shows how male and female students rated the course in terms of effectiveness, there
were gains for male students (3a) but even higher gains for female students (3b).

Figure 3a.Course Effectiveness- Men Figure 3b. Course Effectiveness-Women

3) Which course structure yielded higher student interest?
The newly designed, partially-flipped course was deemed more interesting by students (statistically significant).

Figure 4. Student Interest Comparison Between Original and Partially Flipped Classroom

4) Which course structure had a higher level of:
a. Student engagement?
The newly designed, partially-flipped course was deemed more engaging for students (statistically significant).

Figure 5. Student Engagement
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b. Distraction?

The original course had a higher percentage of students that indicated they felt distracted during class sessions

(statistically significant).

Figure 6. Student Distraction Level

5) Through which course structure did students indicate a higher degree of certainty of their engineering discipline

selection?

Figure 7. Certainty of Engineering Discipline Selection

Concluding Remarks

The original course was rated much lower by female
students than male students -- the course redesign was
an improvement for women certainly, but all students
(male and female) rated the newly designed course
higher. Forming meaningful contacts in a large lecture
setting is more challenging than a 20-25 person interac-
tive class where students develop relationships with their
peers and faculty, the two most critical factors for college
success (Astin, 1993). So it seems that what is better for
the women students is better for all students.

Engineering educational innovation is needed nation-
wide; however, not every new approach is necessarily an
improvement. Consideration to the content and context

of the material presented should drive decision-making.
Prior studies indicate that it may not make sense to flip
all areas of a course or all content and that it is not es-
sential for a course to be 100% flipped and there may be
certain elements that would be more effective than others
(Scwartz, 2013; Velegol, 2015), the current study showed
that a partially flipped classroom can be an effective rede-
sign to a course. In the case of engineering major selec-
tion, a partially flipped classroom is deemed an effective
approach.  Administrators may question the resources
devoted to implementing a multi-section version of an
engineering orientation course because of the associated
resources and staffing needs; however, it is not suggested
that this model is one size fits all. Rather, this approach

can be applied / modified to the selection of an engineer-
ing major within the context of an programs structure,
size, and student needs (certain program structures may
be more conducive than others).

A primary objective of First-Year Engineering Pro-
grams is informed selection of an engineering major,
and this model was shown to increase student certainty
in the selection of their engineering discipline. A higher
percentage of students did shift to other engineering pro-
grams while taking this course than in the original course;
however, future study is needed to assess the number of
students that switch majors within engineering (after
starting within their program) in subsequent years of
study to determine if this approach to informed selection
of an engineering major indeed shortened time to gradu-
ation or increased persistence.
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