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Abstract

This complete evidence-based practice paper will describe two approaches implemented of a design-
based introduction to engineering course: a discipline-specific and a generalized mechanical engineering
approach. The Introduction to Engineering course is a three hour per week hands-on design class with the
goal of providing students with the feeling of what engineering is like through engaging activities related
to engineering and developing skills like teamwork, communication, and following a design process.
With the intention that the class should excite, prepare, and retain more students, there has been
conflicting agreement on if it should be delivered as a discipline-specific or as a universal cross-
disciplinary version.

For this study, students were assessed with Likert-based survey questions about how they felt the class
prepared them or engaged them for a career in engineering and if they planned to remain in their program.
The survey was given at the end of the semester they took their respective Introduction to Engineering
course. Statistical p-values were calculated from the Likert scores with respect to the discipline area of the
student, the instructor, the semester, and the demographics of the student class population. The course
was delivered in one semester as a generalized mechanical-engineering focused design approach and then
in a second semester as the three discipline-specific (civil, electrical, and mechanical) approaches. The
course was co-taught by three instructors (from civil, electrical, and mechanical), and for the generalized
mechanical approach all three instructors gave the same lectures, assignments, and in-class activities. In
both semesters, the core of the course involved having students complete a group design process and
individual written reports. In the generalized mechanical approach, students also have lectures and
assignments related to learning Excel, SolidWorks, hands-on machine tools, and electrical wiring
scenarios using Arduinos. In the civil-specific approach, for example, the students learned AutoCAD
instead of SolidWorks, and performed activities and assignments such as building a truss, testing water
quality, performing a traffic study, and attending a public planning commission meeting instead of using
Arduinos. The students were often registered for the version that matched their schedule rather than
based on the version that matched their discipline of interest, so all three sections in both semesters had a
distribution of the student’s preferred programs.

The survey results after 1 semester of each delivery method (114 students completing the survey from
both semesters) did not show any statistical difference between the discipline-specific and the generalized
version of the course. The survey regardless of which approach was delivered did verify that 65% of the
students felt it was engaging, 72% said it increased their interest in a career in engineering, and 84%
stated they plan to continue in their respective program. The plan is to continue with the discipline-
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specific versions of the course for at least another semester to gather additional statistical data. The
survey is also intended to be sent out to the same students in their junior year to re-evaluate how they felt
the introductory course engaged and prepared them for their remaining courses.

Keywords
multidisciplinary design, first year, civil engineering, mechanical engineering, electrical engineering
Introduction

For most Universities, a recent push is to implement discipline-specific and hands-on experiences, rather
than seminars for the “Introduction to Engineering” courses. The process of designing and problem-
solving is one that is shared among all engineering fields. However each discipline has its own physical
or software tools, or necessary skills they will use to perform this design and problem solving. The scale
of projects is also highly variable, from small gadgets in mechanical or computer engineering to large
dams or global internet networks in civil and electrical engineering. The goal for our university with the
“Introduction to Engineering” course was firstly to engage students and secondly to retain students in
engineering. This course has gone through iterations of small hands-on activities or projects, to a full-
semester long design process for students in groups. Most of the projects and activities tended to have a
mechanical engineering focus either due to the higher number of students in mechanical engineering, the
instructor being a mechanical engineer, with the in-class activities and skills training being centered on
the mechanical engineering field.

A review of past literature reveals that there is still a need for new strategies which intertwine multi-
disciplinary concepts, sometimes beyond science and into art and human-aspect design, to solve complex
engineering problems [1], [2]. Student retention is a known challenge for first- and second-year
engineering programs. Students can become intimidated by the curricula and transfer out of the program
or potentially drop out of college. A few studies found that students were more likely to graduate or have
higher GPAs in engineering if they have higher self-efficacy or confidence going into or during their
introductory course experience [3]-[5]. Students drop out of engineering programs if their expectations
of practical or interesting content is not met [6]). Having engaging activities and experienced teachers are
found to be helpful in creating the positive environment for the students [7].

In terms of implementation, one study asserted that a first-year engineering course should integrate a mix
of disciplines to help students engage with the subject matter and each other to promote a practical
approach to problem solving [8]. Their research suggests that students need to prepare for collaborative
problem solving to meet the needs of business and industry. Odeh et al. offered three design problems
during the semester and students were allowed to pick which problem to execute, each exposing them to
different fields of engineering. The review by Dyer [2] echoes the suggestion for an introductory course
to be multi-disciplinary.

Around the same time, another study demonstrated that traditional gadget-based course projects were
not sufficient nor representative of civil engineering discipline in particular [9]. Dittenber [9]
implemented a civil-specific design project in the introduction course for three consecutive semesters (52
students completed the course in this total time). The project including designing and constructing a full-
scale bridge and doing a cost-analysis of the materials and construction. He found that the number of
students retained in the civil program to the next semester did not change (77%), but the number of
students who chose civil after this course retained past their junior year and to graduation at 100% rate of
retention. The rate of retention for graduates in civil engineering for the same general introduction course
prior to civil-specific project was 79% (based on 81 students).
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The purpose of this research study is to implement and compare retentions for an “Introduction to
Engineering” course that has a mechanical engineering focused design process to the same course but
offered in three discipline-specific sections (mechanical, electrical, and civil engineering). Each
discipline-specific section attempted to implement software, tools, activities, and have an instructor who
provides examples in that specific discipline area of engineering [7]. A list of the activities or changes are
described in Table 1 for each discipline-specific version.

The purpose of these changes is to still have all students learn the process to design and problem solve so
they are prepared for all engineering disciplines, but at the same time give them a little hands-on teaser of
what a specific discipline might entail [10]. This approach is constructed with basic assumptions that a
student arrives with prior acknowledgement of desiring a degree in engineering and has begun to embrace
courses towards their discipline area. In this situation, students are expected to focus less on determining
what the different engineering disciplines are and instead focus more on experiencing what engineering is
like [11].Since this course is generally only taken by students already in engineering, the purpose of
encouraging a conceptual design experience is to retain more students in their respective discipline fields,
or at least within engineering.

Table 1. Examples of Activities Specific to Each Discipline-Version

Mechanical Engineering Civil Engineering Electrical Engineering

Excel and SolidWorks Excel and AutoCAD Matlab and Labview

Prototype required Souvenir required Prototype required

Machine shop tool training Machine shop tool training Soldering

Arduino wiring Truss design and force balance | Arduino wiring
Concrete materials testing Fritzing

Pedestrian traffic observation Digilent and WaveForms
Public meeting attendance Robot puppy design

Methodology

At Utah Valley University, a new department was created in 2018 encompassing new Bachelor’s (four-
year) programs in each of four areas: Civil Engineering, Computer Engineering, Electrical Engineering
and Mechanical Engineering. Prior to these new programs, the University offered an Associates (two-
year) Degree in Pre-Engineering. At the time of its start, all programs used the same introductory design
course as a requirement for their incoming freshmen classes. The overall goal of this course is to engage
all of the students in engineering by providing an experience related to their career of interest early on in
their college education while they are completing other pre-requisite non-engineering courses. This
introductory course was focused on Mechanical Engineering Design examples and activities such that the
students were encouraged to do their own group semester design projects in a related mechanical topic.
Additional mechanical-focused objectives included exposure to software such as SolidWorks, coding and
wiring with Arduinos, and experience using machine-tools so they can manufacture their own prototype
of their “invented” design concept. This general Mechanical Engineering version of the course was given
during the Fall 2018 semester for three sections, each taught by different instructors of three disciplines
(Civil, Electrical and Mechanical Engineering) with each instructor following the same lecture content,
assignments, and activities during the semester.

Some faculty felt it might be more beneficial to students if they did a discipline-specific introductory
course, so it was determined that the department wanted to try offering discipline-specific sections of this



Venturing into Discipline-Specific Activities for Different Sections of the Same Introductory Engineering
Design Course

course in the second semester. In fact, the Computer and Electrical Engineering began the process to
have their own separate introductory class as a required course. In the meantime, the Civil and
Mechanical Engineering areas which are similar enough decided to offer sections of the same course with
different activities and different examples of design related to their own discipline area. Students in any
of the four programs were still required to take the “Introductory to Engineering” course, and were
informed by the first day of class which discipline-specific section they were enrolled in. Still, it seemed
students sometimes (due to room or time scheduling) enrolled in a section that was of a different
discipline that the one they were pursuing.

For the second semester offering of this Introduction to Engineering course, there were three sections of
this course each intended to be specific to the corresponding disciplines (Civil, Electrical, and Mechanical
Engineering). A survey was administered at the end of both the Fall 2018 (general mechanical version)
and end of the Spring 2019 (discipline-specific version) semesters, to all 3 sections of students in each
semester. The intention is to administer the same survey to the same students after they have entered their
junior year courses (Spring 2020 and Fall 2020) in order to gage the impact that the course changes on
their retention within their discipline-specific program or within engineering.

Course Structure

The Introduction to Engineering course for the Fall 2018 semester consisted of a three hours per week
contact time, split either over 2 or 3 lecture sessions per week. Due to high enrollment of 102 students,
this course was offered with three sections (30-40 students per section), each taught by different
instructors but with the same content and schedule. The main purpose of the Introduction to Engineering
course was to explain the engineering design process, which was done through several lectures
throughout the semester. Examples of the lecture topics included: explaining the process steps of defining
a problem, generating and selecting a solution, modeling, testing, and refinement; describing teamwork
and conflict resolution management; and reviewing communication requirements via writing, drawings,
posters, and oral presentations. The course also included several specific activities or software related to
the discipline of Mechanical Engineering, see Table 1.The objectives of the course were listed in the
University curriculum as follows:

Apply the engineering design process.

Employ principles of effective teamwork.

Communicate effectively through written reports and oral presentations.

Use Computer Aided Design (CAD) software to create basic engineering models and/or
drawings.

Apply modern software tools for engineering analysis and programming.

e Fabricate prototypes safely using power and hand tools.

The percent of class time spent on each objective for each version of the course can be seen in Table 2.
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Table 2. Percent of Classroom Time on Course Activities Related to Objectives

Course Activities Mechanical-Specific Civil-Specific Electrical-Specific
Fall 2018 (3 sections) and | Spring 2019 Spring 2019
Spring 2019 (1 section) (1 section) (1 section)
[138 students in total] [30 students enrolled] [10 students enrolled]
Lectures by Instructor on | 24% 21% 22%
Design Process
Group Worktime 19% 28% 15%
Presenting as Group or 4% 3% 3%
with Poster
Software Worktime 24% 22% 39%
[Breakdown of Software [7% EXCEL [10% EXCEL [1% EXCEL
Learned] 17% SolidWorks] 12% AutoCAD] 17% Matlab
14% LabView
7% WaveForms]
Lab Safety/Fabrication 10% 13% 4%
Other Activities (not 19% Arduino 13% Civil Engineering | 8% Arduino/Fritzing
related to objectives) Demonstrations

For the second semester of this course in Spring 2019, three sections were offered, each intended with a
discipline-specific emphasis (Civil Engineering, Mechanical Engineering, and Electrical Engineering).
The course objectives for all Introduction to Engineering sections and all semesters will be kept the same
for consistency, articulation, and accreditation. The Civil Engineering Program specific section of the
Introduction to Engineering course switched out the Arduino activities and SolidWorks software with
civil engineering demonstration activities and AutoCAD software. The Electrical Engineering version
replaced Solidworks with LabView, Fritzing, Matlab, and Digilent WaveForms. As mentioned in Table 1,
the Civil version also added assignments, particularly one on cost analysis, a required observation visit to
a public (city hall or similar) planning meeting, and added lectures on human factor design, student
professional groups available, and the licensure process. The Civil Engineering version also switched out
the “prototyping” of the actual design solution with a generic “souvenir” of anything they wanted to keep.
The Electrical Engineering version did more YouTube videos related to lecture topics, swapped out the
machine shop training with coding, wiring and soldering, and then focused only in the last month on the
group project prototyping. A summary to compare the course before and after this change is shown in
Table 2.

Survey

A retention and engagement survey was administered by the instructors of all the Introduction to
Engineering sections during the last two weeks of each semester, before the final exam period. The
survey is based on a retention Likert-based questions used at the University of Wisconsin-Madison [12],
[13], intended to similarly compare an introductory engineering course that was multidisciplinary versus a
disciplinary-specific version. The survey for this study was written in Qualtrics and included the
following:

2 initial screening questions to help identify which semester and instructor they had

e All participants were asked a retention question of “After taking this course, are you planning to
continue in this program?” with the choices “Yes” or “No”. Those who chose “No” were asked
an additional follow-up multiple answer question of “I changed (or plan to change) my major
from my engineering discipline/program to another major because...”
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o Ibecame more interested in another major
I did not think I would like performing the type of work associated with this engineering
discipline
I did not meet minimum academic requirements of my engineering major
I did not like the faculty in the Department of Engineering or University
I did not like the other students in the Department of Engineering or University
I did not feel like I belonged in engineering or in this engineering discipline
o Ihad to leave the program for personal, medical, and/or financial reasons
e All participants were asked 10 Likert engagement questions based on a past survey [13]; these
questions were “My ‘Introduction to Engineering’ course...”
o increased my interest in a career in engineering
engaged and/or excited me about my discipline area of engineering
made me more likely to complete an undergraduate degree in engineering
influenced my educational decisions (course selection and/or student group involvement)
taught me valuable technical concepts and skills that I need for engineering courses or an
engineering career
provided me with the good connections to engineering faculty members
taught me about how to contribute to and work well won a diverse engineering team
o taught me how basic math and science (calculus, chemistry, physics) concepts are applied
in engineering projects in my discipline area
o helped me feel welcome in the Department of Engineering and/or the program
o helped me obtain internships, co-ops, or a job in an engineering field
e All participants were asked 7 demographic questions (gender, race, first-generation student,
financial aid status, year in program, citizenship, self-reported GPA)

(0]

O O O O

O O O O

o O

There were also comment boxes available related to their perception of the course and their explanation
for changing majors. With each semester, one instructor coordinated with the other instructors of that
semester to initially post the survey to the students, then the data received after each semester was
analyzed, and then held a review meeting to discuss the tabulated results for each semester with the
instructors.

For the analysis of the data, the engagement questions (e.g., my introduction to engineering course
increase my interest in a career in engineering) responses were converted from a Likert response to a
numerical response (e.g., strongly agree = 5). Results were sorted by different categories: section,
program pursuing, gender, first-year students, race, financial aid, and citizenship status. Within each
sorting, the average responses and a statistical t-test’s p-value were recorded.

Results

The Introduction to Engineering course had a total of 178 students enrolled in the combined Fall 2018 and
Spring 2019 semesters. Roughly 70% of the students enrolled viewed the survey and 64% (114 students)

of the students enrolled accepted to participate in the survey. From those who participated in the surveys,

most of the students 52% said they were pursuing the Mechanical Engineering program, followed by 17%
pursuing Civil Engineering, 14% pursuing Electrical Engineering, and 12% in Pre-Engineering (intending
to possibly go to another University after their sophomore year).

Related to the retention in the program response, overall 84% of those who participated in the survey
stated that they are planning to continue in their respective program after taking this course. That leaves
16% (13 students in the Fall 2018 and 5 in Spring 2019) who stated they were not planning to stay in their
program. Of those who stated they were not continuing, 11% indicated “I became more interested in
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another major”, 4% indicated “I did not think I would like performing the type of work associated with
this engineering discipline”, and 1% indicated “I had to leave the program for personal, medical, and/or
financial reasons”.

The average Likert scores based on discipline-specific version are shown in Figure 1. There were no
noticeable changes in percent of Likert scores for the engagement question results between semesters. In
general, the majority of students agreed or strongly agreed to most of the Likert questions (e.g., 65%
selected “My Introduction to Engineering course engaged and/or excited me about my discipline area of
engineering”). The only exception was most of the students selected disagree or strongly disagree to
“helped me obtain internships, co-ops, or a job in an engineering field”, but this was not a learning
objective of the course.
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Figure 1. Average survey responses split by discipline-specific versions of the course. The
Mechanical version includes the before change (with all three instructors) and the after change with
one instructor. The enrollments for these were 138 students took Mechanical version, 30 students
took the Civil version, and 10 students took the Electrical version.
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Instructor Effect

Two instructors (the Mechanical and Civil program faculty) were the same for both semesters. In fact,
the Mechanical faculty instructor has been teaching this course the same way for several years so data
from that instructor was looked at in particular since their version is anticipated to have the most
consistent average responses from one semester to the next. The Electrical faculty member changed, with
the discipline-specific Electrical version taught by an adjunct faculty.

The electrical engineering section in Spring 2019 had the highest Likert scores overall and in the
categories of “taught basic math and science for their discipline” (p-value <0.039) and “helped feel
welcome in the department” (p-value <0.132), but also had only 6 students who completed the survey. A
closer look at the six students in this electrical version shows that they proclaimed to be 3 in electrical
engineering, 1 computer engineering, 1 mechanical engineering, and 1 pre-engineering. It is still unknown
whether the students liked their discipline-specific version better or if this is just too small of a sample set.

Discipline Effect

The only statistically significant difference (p-value of 0.034) found with offering a civil-specific version
versus a general mechanical version was that mechanical students enrolled in the civil-specific section
gave a lower score of 2.2 on average for “taught basic math and science for their discipline area” while
the civil engineering students gave a score of 3.5 on average for the same question. Since 52% of the
students claimed to be mechanical engineering majors, it was discussed that maybe having a mechanical
version course may still be preferential in order to reach most students in future semesters.

Demographic Effects

Although this class was intended to be for freshmen, it had 36% sophomores, 11% juniors and 1% seniors
taking it. The survey also revealed that 20% were first-generation students which is similar to the rate at
the University. Statistically, the survey revealed that the first generation students felt the class made them
“more likely to complete their degree”. The students’ whom had parents paying for college felt that they
were more “engaged and excited about their discipline” and “taught them concepts and skills for their
career”’. There was no statistical difference seen based on race/ethnicity (92% were white). The female
students (13% of those who took the survey) statistically felt the class provided more “influence on
educational decisions” than the male students.

Discussion and Recommendations

The current results do not have a strong indication on whether the discipline-specific course made a
difference. The authors intend to deliver the course at least once more as these discipline-specific
sections, ideally also notifying students in advance of which section they are enrolling in. A future
research opportunity is to offer the course in a later semester where at least one activity from each
discipline area would be given by each instructor regardless of the field of expertise of that instructor, so
that the students could be exposed briefly to the three main areas. These different offering versions (with
discipline specific activities only in a section or with activities of the three disciplines in each section)
would help provide more insight into whether the students may change or appreciate their own chosen
engineering program.

The authors also intend to administer the same “Engagement Survey” after two years have passed for the
same students who completed the Introduction to Engineering course. It will be sent via a link to the
students based on their university ID number and should provide additional insight into whether the
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course affected the students’ retention in their respective program or even in engineering. Based on the
number of participants and those who selected they were intending to remain in the program, it is
expected that the number of participants in the follow up survey in Spring 2020 and Fall 2020 may be up
to 55 students and 41 students, respectively (that is 54% of the original enrollment).

Conclusions

The majority of the students had positive feedback about the course in general. 84% stated they plan to
continue in the program. 72% said it increased their interest in a career in engineering. 87% stated it
taught them about how to contribute to and work well on a diverse engineering team. 65% stated the
course engaged and/or excited them about their discipline area of engineering.

From the two semesters of data, one with the course offered as a mechanical focus, and one with
discipline-specific activities, there does not appear to be enough evidence or difference to indicate that the
students perceive engineering any differently. Based on t-tests from the Likert survey results, statistically
the course with only 10 enrolled students which focused on a specific discipline of electrical engineering
had the highest engagement and positive responses. There was also a significantly lower response from
the mechanical engineering students who enrolled in the civil-specific section that claimed the civil-
version “did not teach as much basic math and science for their discipline area”.

The instructors plan to teach at least one more semester with the discipline-specific version to gather more
data on the student engagement responses. Two years after each version were given, the instructors intend
administer the same survey to the same students in order to determine if the students in reflection felt their
version of the introduction course was helpful for them to progress in their respective program choice.
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