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Students’ Experience of an Integrated Electrical
Engineering and Data Acquisition Course

in an Undergraduate Mechanical
Engineering Curriculum

Yen-Lin Han , Jennifer Turns , Kathleen E. Cook , Gregory S. Mason , and Teodora Rutar Shuman

Abstract—Contribution: This article presents an innovative
course sequence to integrate Electrical Engineering (EE)
Fundamentals into the Mechanical Engineering (ME)
Instrumentation and Data Acquisition (DAQ) course and
reports students’ experience relevant to the sequence’s intended
outcomes of helping students learn and connect EE concepts
with ME applications and develop their engineering identities.

Background: The ME Department at Seattle University was
awarded a National Science Foundation Grant to revolutionize its
undergraduate program. This project focuses on doing engineer-
ing to foster stronger engineering identities. This course sequence
is part of the curriculum change for this project and includes
open-ended, real-world labs incorporating both EE and DAQ.

Research Questions: 1) Engineering Learning: What evidence
is there that students learned EE and DAQ concepts and inte-
grated them with ME? 2) Identity Development: How did the
students connect the experience to their evolving identity as engi-
neers? 3) Over-Time Experience: How did students experience the
course?

Methodology: A mix of quantitative and qualitative data was
used: quantitative data (a standardized test) and qualitative
data source (mini reflections that students provided over the
course sequence) were analyzed to address the research ques-
tions that connect the educational design aspects and the intended
outcomes.

Findings: The new course sequence created an opportunity
to do engineering in a rich way and provided fertile ground
for developing engineering identities. Students understood and
retained EE and DAQ concepts at a level equal to when the
material was taught via separate courses.

Index Terms—Curriculum development, data acquisition
(DAQ), engineering education, identities, laboratories, mechani-
cal engineering (ME), reflection.
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I. BACKGROUND

THE MECHANICAL Engineering (ME) Department at
Seattle University was awarded a National Science

Foundation (NSF) Revolutionizing Engineering and Computer
Science Departments (RED) Grant in July 2017. The goal
of the award was to create a program where students and
faculty are immersed in a culture of doing engineering that,
in turn, fosters an identity of being an engineer [1]–[3]. To
build this culture of doing engineering, the department con-
centrated its efforts in four essential change areas that research
has shown are key to culture change: 1) a shared depart-
ment vision; 2) faculty development; 3) supportive policies;
and 4) curriculum [4].

As an important step toward creating the new culture, the
existing curriculum was thoroughly reviewed by all stakehold-
ers, including the faculty, students, and industry advisory board
members. One issue that surfaced from interviews with stu-
dent focus groups was that many ME students see Electrical
Engineering (EE) concepts as abstract and removed from
ME. The fact that students perceived a disconnection between
EE and ME is not surprising as ME students often strug-
gle to find relevance in EE concepts [5]. Prior to the work
reported in this article, Seattle University had required an EE
fundamental course Elements of EE taught by EE faculty. This
approach is common nationwide, while some ME programs do
not require an EE-related course at all, and very few programs
offer EE-related courses taught internally by ME faculty [6].
The disconnection between EE and ME curricula undoubt-
edly contributes to students’ perception that EE concepts have
limited relevance for a mechanical engineer.

In addition to students’ perception, ME faculty observed
that students struggled when asked to apply concepts taught
in the prerequisite EE course during the follow-up Data
Acquisition (DAQ) and Instrumentation course. The discon-
nect between these two courses was noted by students as one
suggested, “Whoever teaches the DAQ class should also teach
the circuits class the quarter before because they could give
a lot more relevant information, or at least have them work
together [2].”

Furthermore, industry partners emphasized the importance
of, and need for, skilled mechanical engineers who can
incorporate EE fundamentals with ME applications and
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contribute to interdisciplinary projects. Such suggestions are
echoed in a report by the American Society of Mechanical
Engineers (ASME) that stressed the importance of digital skills
for mechanical engineers in the future workforce [7].

Based on this feedback, the ME program began re-
envisioning how EE concepts could be incorporated into the
ME curriculum by ME faculty in a culture of doing engi-
neering. The new approach needed to maintain students’
understanding of fundamental EE concepts while improving
students’ ability to implement EE concepts in ME applications
and also contribute to students’ evolving engineering identity.
The proposed solution is a new course sequence that empha-
sizes hands-on laboratories (labs) and incorporates reflection
of students’ experience with the classes’ content.

This article presents this innovative course sequence to inte-
grate EE Fundamentals into the ME DAQ course utilizing
open-ended, real-world laboratories (labs) to help students
connect EE concepts with ME applications and develop their
engineering identities. Students’ self-reported experience and
standardized tests are analyzed to determine the success of the
first offering of this integrated sequence.

II. THEORETICAL RATIONALE

The new course sequence combines the EE and follow-
up DAQ courses into an integrated two-quarter sequence that
emphasizes hands-on, authentic labs and incorporates stu-
dent reflection of the learning experience. In an integrated
course sequence, students have the opportunity to see the
mutual relevance of the EE and ME concepts. The inclusion
of labs necessitates the interrelation, application, synthesis,
and evaluation of EE and ME concepts required in the field.
The reflection prompts students to reflect on and report their
learning, their effort, and their experience.

Labs specifically invite the integration of theoretical and
practical aspects of the course [8]–[10]. Many researchers
have discussed the benefits and importance of hands-on labora-
tory work to engineering education [11]–[14]. “Engineering is
a practical discipline. It is a hands-on profession where doing
is key [14, p. 122].” Labs also help students develop a “feel
for engineering [15].”

Solving real problems in the lab provides “authentic expe-
riential learning opportunities to put into practice in the real
world [16, p. 17].” Authentic problems tend to be open-
ended with more than one correct answer and connect to
real-life applications [17]. Using authentic problems in class-
rooms have been shown to enhance students’ problem-solving
ability [18]. Laboratory exercises with real-life applications
also motivate; students can see the value and relevance of EE
to their interests in ME [19]. Additionally, recent research [20]
found that connecting students with real-life design activities
enhances engineering identity.

Open-ended, real-world, labs done in teams also address
several ABET outcomes [21]. Open-ended labs address in
part ABET Student Outcome 2, “an ability to apply engi-
neering design to produce solutions that meet specified needs
with consideration of public health, safety, and welfare, as
well as global, cultural, social, environmental, and economic

factors” by requiring students to design and build experiments
that address constraints. Since all labs are designed as team
projects, students must function on a small team addressing in
part ABET Student Outcome 5, “an ability to function effec-
tively on a team whose members together provide leadership,
create a collaborative and inclusive environment, establish
goals, plan tasks, and meet objectives.” Finally, labs, specifi-
cally those that require students to design an experiment to
collect and analyze data, address ABET Student Outcome
6 “an ability to develop and conduct appropriate experimenta-
tion, analyze and interpret data, and use engineering judgment
to draw conclusions.”

Hands-on learning works best when students reflect on
their learning; “Students learn by doing, but only when they
have time to reflect [16, p. 20].” Hence, reflection exer-
cises are needed to reinforce hands-on labs. Learning occurs
through doing but learning also occurs through reflecting on
doing [22]. Reflection leads students to revisit their experience
which deepens their understanding of what they are learning
and guides future learning experience [23]. Reflective learning
also helps students better understand their learning processes
and produces active, effective, lifelong learners [24]. Active,
hands-on learning combined with reflection reinforces “the
end goal of learning as the ability to use knowledge and
skills flexibly in novel situations [16, p. 19].” When students
engage in repeated, structured reflection about their learning,
they are able to “bring a strategic learning orientation to new
challenges [25], [26].”

Beyond providing opportunities for students to integrate,
apply, synthesize, and evaluate EE and ME concepts and
meet ABET outcomes, hands-on labs and reflection also help
students develop engineering identities. In engineering educa-
tion, situated learning is central to identity development [27].
Situated learning, such as labs, provide opportunities for
students to demonstrate their capabilities to themselves and
others and be recognized as engineers. The relevance and
utility of course content cultivates student interest and
motivation [5], [19]. When students are interested, feel capa-
ble, and feel acknowledged, their engineering identity is
formed [28], [29]. However, students must engage in inten-
tional, dialectical reflection about their experience to appreci-
ate their meaning and influence their identity [30].

Supporting student reflection includes deciding what
prompts to use, how to integrate reflection into the class
flow, and how to analyze results. For example, Clark and
Dickerson [31] used guiding questions, had students submit the
answers to the guiding questions after the exam, and analyzed
the responses via content analysis. Prompts can be particu-
larly important when creating opportunities for reflection since
students and faculty may have different a-priori ideas about
reflection, as suggested in [32]. Prompts can guide the students
toward potentially valuable engagements with reflection.

The new course sequence with hands-on labs and reflection
adds to a culture of doing engineering. It has the potential
to deepen connections, provides practical real-world experi-
ence, and helps students develop into active, flexible learners
with a feel for engineering. Such reflective students not only
are prepared technically and professionally with a practical,
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realistic understanding of what it is to be an engineer but also
are identified with engineering.

III. METHOD

The intended outcomes of this new integrated EE/DAQ
course sequence are to help students connect EE concepts
with ME applications and develop their engineering identities.
Features of this sequence include using authentic, open-ended
labs, integrated course structure, and participants engaging in
reflective activities.

This article seeks to address three research questions that
connect the design features and the intended outcomes of this
new course sequence.

1) Engineering Learning: What evidence is there that stu-
dents learned EE and DAQ concepts and integrated them
with ME concepts?

2) Identity Development: How did the students connect the
experience to their evolving identity as engineers?

3) Over-Time Experience: How did students experience the
course designed to meet the goals over two quarters?

A mix of quantitative and qualitative data is used.
Qualitative data from “mini-reflections,” named reflection
breadcrumbs (RBCs), are student reflections provided through-
out the term. RBC responses were collected at eight separate
points in time and provide an ongoing record of student expe-
rience. These data are essential in assessing the impacts of this
new course design and provide information for improvement
of the future offerings. Quantitative data from a standardized
test, named the Comprehensive (Comp) exam, were used to
add another perspective to understand students’ learning.

The following discussion is divided into four sections.
Tools, materials, and the structures of the course design are
discussed in Section I. Participant demographics are described
in Section II. Detailed information on the quantitative and
qualitative data sources used in this study, as well as how
each data source was analyzed, is presented in Sections III
and IV.

A. Course Design and Implementation

The newly designed integrated EE/DAQ course sequence
combined the former EE and DAQ courses into a single two-
quarter sequence of EE/DAQ I and EE/DAQ II. The sequence
is taken during the winter and spring quarters of the third
year of the ME program. Although second-year students take
Electricity and Magnetism in Physics to learn basic theories
of electricity, this course sequence is their first introduction to
circuit applications.

During the third year, students are also taking courses on
Mechanics of Materials, Material Sciences, Thermodynamics,
Fluid Mechanics, Machine Design, and Heat Transfer. The
timing of these other courses is important because topics from
some of those courses are incorporated into EE/DAQ I and
EE/DAQ II labs.

EE/DAQ I and EE/DAQ II are designed with two lec-
ture/lab combinations every week, one for EE and one for
DAQ. EE content is discussed in a 50-min lecture followed

by a 100-min lab early in the week, and a 50-min DAQ lec-
ture and subsequent 100-min lab occurs later in the week.
The EE and DAQ contents are coordinated so that content
discussed in the EE lecture and lab are used in the DAQ
lecture and lab (see Appendix A for details). Both labs empha-
size hands-on learning with team lab exercises connected
to in-lecture examples focusing on doing engineering. The
lab exercises also are connected to other ME courses that
students take concurrently, such as Machine Design, Fluid
Mechanics, and Heat Transfer. Thus, the labs have the poten-
tial to strengthen connections across the curriculum and further
help students connect concepts and synthesize their knowledge
from different ME courses and EE.

The EE/DAQ I and EE/DAQ II courses are co-taught by two
ME faculty based on their expertise; one leads the EE portion
and the other guides the DAQ portion. In addition to providing
relevant content for lab use, the EE lectures help prepare stu-
dents for their fundamentals of engineering (FE) exam [33],
which is the first requirement toward the professional engineer-
ing license. The DAQ lectures cover fundamentals in DAQ as
well as the Internet of Things (IoT). Additionally, the use of
reflection aims to further strengthen students’ connections and
meaning making.

EE/DAQ I begins with an introduction to EE fundamentals.
Various electronic components are introduced in the EE lab
each week. These components are then used in the DAQ lab
to interface sensors and components with a microcontroller.
The DAQ portion of the course uses an ARM-based micro-
controller development board (STM32 Nucleo) [34] because
of the board’s low cost, free development system, and the wide
industry adoption of ARM-based systems. The microcontroller
is used for both DAQ and data processing. In the middle of the
quarter, students begin to build more complicated circuits and
connect their microcontroller to the Web through IoT appli-
cations. The course utilizes a simple IoT protocol that allows
students to directly query a shared database using HTTP. This
approach makes it feasible for students to debug their IoT
applications using a Web browser.

Toward the end of the first quarter, students begin designing
and conducting experiments that connect EE and DAQ topics
with other ME courses. Fig. 1 shows an example of one of the
labs (complete course content can be seen in Appendix A). In
this lab project (Strain Gauge Beam), students rely on their
knowledge of the stress and strain theory acquired in their
Mechanics of Materials and Machine Design courses to relate
the strain in a cantilevered beam to the force at the end of
the beam. Students begin by instrumenting a cantilever beam
with a strain gauge. They then build a Wheatstone bridge
and analyze it using Thevenin’s theorem in Week 6. Note
that DAQ lecture time in Week 6 is used for the midterm
exam but basics of IoT is covered in Week 5 DAQ lecture as
shown in Appendix A. In Week 7, students create a basic
HTML/JS webpage and demonstrate how to share data on
an IoT server with their microcontroller. Building on their
knowledge of the Wheatstone bridge, students then add an
instrumentation op-amp to their circuit and connect their cir-
cuit to the microcontroller in Week 8. By the end of this lab
project, students can use the beam and strain gauge to weigh
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Fig. 1. Course content of the strain gauge beam project in EE/DAQ I.

Fig. 2. Strain gauge beam project in EE/DAQ I.

pennies and display the resulting number of coins on a Web
page. A schematic of the strain Gauge Beam Project is shown
in Fig. 2, which illustrates EE and DAQ lecture and lab content
over three weeks of the course in the first quarter.

In another lab, students build a capacitive water-level
measurement circuit [35], connect their circuit to a microcon-
troller, and turn on a buzzer when the water level is over
a certain height. This exercise connects to content in Fluid
Mechanics that students are concurrently taking. Furthermore,
the system potentially can be utilized in an ME required course
in the fourth year, Dynamic Systems, when students are tasked
to take water-level measurements with various input and output
flows.

The second quarter of the integrated sequence (EE/DAQ II)
begins with a review of electronic components using the circuit
simulation software, Multisim, and an introduction to real-
time operating systems (RTOS). The emphases of the second
quarter are on various sensors, time-domain and frequency-
domain analyses. Most of the lab projects in this quarter are
designed to last for two to three weeks, similar to the format
of the strain gauge beam project in the first quarter.

In one, students use an ultrasonic sensor as an intruder
alarm. In this lab exercise, students track the distance from an
ultrasonic sensor by measuring a pulse width using the micro-
controller’s timer. The distance measurement is displayed on
a webpage and the buzzer sounds when the distance mea-
surement is below a limit set on the Web page. The alarm is
latched until a disarming signal is sent from the webpage to
the microcontroller.

In another lab, students apply knowledge learned in their
Heat Transfer course. In Heat Transfer, students learn to
analyze systems using a lumped capacitance model (LCM).
Students utilize a thermocouple amplifier chip to measure the
temperature of a small (1”) brass sphere with a K-type ther-
mocouple inserted in the center of the sphere. As they remove
the brass sphere from the hot water, they record tempera-
ture readings using the microcontroller via a serial peripheral
interface (SPI) communication protocol from the thermocouple
chip. Students then perform transient heat transfer analysis that
requires them to integrate knowledge they learn concurrently
in the Heat Transfer course.

These lab exercises are all designed to incorporate EE con-
cepts into the ME curriculum. They utilize hands-on, real-life
applications to facilitate the goals of doing engineering with
engineers and fostering students’ engineering identity. A sum-
mary of course content is shown in Appendix A and detailed
lecture and lab topics can be found in [36].

To further connect course work with engineering practice,
students are required to maintain an engineering lab notebook
in Microsoft OneNote. The format of the notebook is designed
to mimic what students might see in industry. Research has
shown that engineering notebooks help students build their
engineering identity [37], [38].

Students are also required to engage in reflective exer-
cises every other week. These essential reflective exercises are
designed to help students look back at what they had learned
and experienced in order to stimulate an intentional and
dialectical thinking process [23]. The reflective exercises also
provide comprehensive information to understand students’
learning throughout the sequence.

The EE/DAQ I and EE/DAQ II sequence was first offered
in winter and spring 2020. Unfortunately, the COVID-19 pan-
demic required that the class be moved online during the last
week of winter quarter.

To accommodate the online format, the instructors modi-
fied the planned lab exercises to allow students to do labs
remotely at home [39]. Each student received a USB oscillo-
scope (Analog Discovery, AD, or Analog Discovery 2, AD2,
from Diligent [40]) in the mail and were given a list of parts
to purchase from Digikey.com to use in labs on their own.
More details on the modifications made for online deliveries
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of the course can be found in [39]. Readers may contact the
authors for lecture and lab materials.

B. Participants

All students enrolled in the courses participated in this study
with approval from the Internal Review Board (IRB). In winter
2020, there were 35 students enrolled in EE/DAQ I. Due to the
impact of COVID-19, two students could not continue their
study in spring 2020, and another student transferred out of
the program before the end of the winter quarter. One student
who took the EE course offered in the previous curriculum
joined EE/DAQ II in spring. Therefore, a total of 33 students
enrolled in spring 2020. Based on university course enroll-
ment data in which students reported their gender, age, and
race voluntarily, the winter class included 27 male-identifying
and eight female-identifying students, with an average age of
24.97 years (SD = 5.49) and the spring class had 27 male-
and six female-identifying students, with an average age of
24.91 years (SD = 5.37). University did not offer other
gender-identifying options at the time.

In winter, 18 students indicated their race as White, four as
Asian, four as Hispanic, one Native American, two unknowns,
and five as nonresidents (international). In spring, 17 stu-
dents noted their race as White, six as Asian, three Hispanic,
two unknowns, and five as nonresidents. No students indi-
cated themselves as more than two races. All race categories
reported here are the exact wording used in the university
course enrollment data.

C. Quantitative Data Source: Comprehensive Exam

In the fourth year of the ME program, all students are
required to take a Comprehensive (Comp) Exam. Questions
and topics tested in the Comp Exam are similar to those in
the FE exam [33]. The Comp Exam is administered using the
university’s learning management system, Canvas. The same
exam questions are given every year. There are nine subjects
and a total of 100 multiple-choice questions. All subjects have
ten multiple-choice questions except Math, which has 20 ques-
tions. Each subject test lasts 20 min except Math, for which
40 min are allotted. During the exam, students can use the FE
reference handbook published by NCEES either in the physical
or the electronic form as well as the calculators approved by
NCEES, which complies with the rules of the FE exam [41].
Before the COVID-19 pandemic, all students took the exam
in the department computer lab where they used desktops in
the lab to access Canvas. In fall 2020, students took the exam
with their own computers from home, and they were required
to be on camera via Zoom and recorded.

The Comp Exam’s EE (ten questions) and DAQ (four related
questions in Miscellaneous which also includes questions for
Engineering Economics and Ethics) results from students in
the new EE/DAQ I and EE/DAQ II sequence were compared
with those from students who took the EE and DAQ courses
previously, before they were integrated. The Comp Exam is
taken in the fall quarter of the 4th year, almost six months after
students complete the EE/DAQ I and EE/DAQ II sequence.
Thus, students in the new integrated sequence in Winter and

TABLE I
DUE DATES AND PARTICIPATION RATES OF RBC EXERCISES

Spring took their comprehensive exam in Fall 2020 and stu-
dents who took the EE and DAQ courses separately in Winter
and Spring 2019 took their comprehensive exam in Fall 2019.

D. Qualitative Data Source: Reflection Breadcrumbs

Qualitative data were collected via prompts that invited
students to reflect on their experience and provide short
responses. The name RBCs captures the reflective nature
of the responses while signaling that they are not compre-
hensive but rather a trace of the student experience. This
approach is related to the method called ecological momen-
tary assessment [42], in which the participants were sharing
parts of the experience as they were progressing through time.
However, the approach differs from ecological momentary
assessment because the responses were part of an instructional
situation, as discussed below. Regardless, reflection exercises
did provide an opportunity for identity development through
narrative [43]. These reflection exercises were administered
using Canvas. An RBC exercise was given every other week
under the Quizzes section of the course Canvas site. There was
no time limit on how long the student could spend on each
exercise but there was a due date for each exercise. Students
had between five and seven days to complete their reflection
once the prompt was posted on Canvas.

RBC exercises were a small portion of students’ grades each
quarter (less than 1% in winter and less than 4% in spring).
Students received full points automatically once they submit-
ted their exercises on Canvas. There were eight RBC exercises
from the two quarters. The date and participation rate of each
exercise are shown in Table I. Seattle University switched to
online classes during week 10 of the winter quarter in 2020 due
to the COVID-19 pandemic. All homework assignments were
optional to accommodate this sudden change, so there was no
RBC exercise given at the end of the winter quarter. Also, in
consideration of students’ reaction to George Floyd’s killing
at the end of the spring quarter, the last RBC exercise due
date was extended, and a duplicate assignment was created on
Canvas to encourage participation. Submissions on Canvas for
both reflection exercises were combined into Spring RBC 8 as
the same prompt was used.

For each RBC exercise, students responded to the following
five questions.

Question 1: Write a paragraph(s) to your manager to report
the key takeaway(s) from last two weeks.
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Question 2: Document the contribution of each member in
your lab group.

Questions 3–5 asked students to respond to a prompt
that varied from exercise to exercise. All prompts followed
these three steps: 1) start a reaction; 2) add an explanation
for the reaction; and 3) provide an action to the reaction.
These steps of the prompt encompassed essential elements
of reflection [23]—students identified features of their expe-
rience, applied lenses to make meaning of those features,
and sought actions. Prompts for Questions 3–5 of all RBC
exercises are detailed in Appendix B. The prompts for RBC
5–8 in the spring quarter were repeated from the prompts
given in the winter quarter in RBC 1–4, except Q4 in RBC
5 which probed deeper into students’ perceptions of under-
standing the materials as they stepped into the second quarter
of the sequence.

The analysis of the RBC data involved inductive thematic
analysis that was sensitized by the concepts in the research
questions. The work followed three phases. First, each RBC
response was put onto a separate sticky note in the online col-
laboration tool, Miro (Miro.com), to permit an initial inductive
sort of the responses to look for initial themes. Second, the
first author used a spreadsheet to code all the RBC responses
into the thematic categories that had been identified. The sec-
ond author then reviewed the identified themes to confirm the
coding of the RBC responses. Finally, the first author analyzed
the RBC response associated with each theme to understand
the ideas represented in the RBC responses, to draft the text for
the results section, and to identify salient examples to include
as evidence. All other authors then reviewed examples associ-
ated with each theme and finalized the sections to be presented
in the findings section.

IV. FINDINGS

The findings from this study are presented in three cat-
egories to demonstrate the connection between the course
design features and the intended outcomes: 1) what evidence
is there that students learned EE and DAQ concepts and inte-
grated them with ME concepts? 2) how did the students
connect the experience to their evolving identity as engi-
neers? and 3) how did students experience the course designed
to meet the intended outcomes, with particular attention to
the students’ experience over the two quarters of the course
sequence?

A. Achievement of Learning and Integration

Achievement of learning and integration is supported in
three areas: 1) learning fundamental EE and DAQ concepts;
2) developing hands-on EE skills applied in ME; and 3) stu-
dents’ perception and understanding of how EE and ME
concepts are integrated.

1) Learning Fundamental EE and DAQ Concepts: The
Comp Exam provides a quantitative measure of student learn-
ing. Results of the exam comparing students who took EE
and DAQ as separate courses and those who took the new
integrated sequence were compared. The Comp Exam is
administered in the 4th year of the program, so the 2019 results

are for students who took EE and DAQ as separate courses
and the 2020 results are for students who took the EE/DAQ I
and EE/DAQ II courses in 2020.

Students taking the EE/DAQ I and EE/DAQ II sequence
performed slightly better or on par with students from the
previous year, t(61) −1.452, p = 0.151 for EE ques-
tions (M2019 = 5.15, SD2019 = 2.31; M2020 = 5.93,
SD2020 = 1.91) and t(61) −0.904, p = 0.370 for DAQ
questions (M2019 = 1.79, SD2019 = 0.914; M2020 = 2.00,
SD2020 = 0.886). The lack of statistically significant dif-
ferences means that students taking the integrated sequence
demonstrated as much or more understanding of EE and
DAQ concepts as those who had separate courses. These
results are particularly encouraging because the 2020 offer-
ing of EE/DAQ I and EE/DAQ II was during the COVID 19
pandemic.

Achievement of learning and integration is also sup-
ported by qualitative data collected from RBC responses.
These data are self-reported by students, and used to ana-
lyze students’ experience of integrating EE and DAQ with
ME. Note that each number at the end of the student
quote corresponds to the identifier of the students shown in
Appendix C.

2) Developing Hands-on EE Skills Applied in Mechanical
Engineering: Many of the labs required students to design and
build circuits to support an experiment relevant to ME. These
lab experiments (e.g., measuring strain on a beam, measuring
fluid level, analyzing the frequency content of a signal, con-
trolling the position of a motor, etc.) are designed to provide
opportunities for students to develop hands-on EE skills and
apply them to common problems in ME and to meet ABET
outcomes 2 and 6 [21].

The emphasis on doing engineering lab work was well
understood and well received by students. From RBC
responses, three major themes emerged related to this subject
as shown in Table II.

1) Students naturally made connections between labora-
tory exercises and hands-on learning. Several comments
included the term hands-on regardless of which prompt
they were responding to.

2) Some students spontaneously observed that one of the
goals of laboratory work is to link theory and practice.

3) The connection to real-life applications, which aimed to
highlight the authenticity of the lab exercise, was also
appreciated by students.

The sequence is designed to emphasize learning by
doing and hands-on experience through authentic problems.
Students’ comments confirm the need for laboratories in
this sequence. Most students expressed their preference for
hands-on learning and seeing things in action.

3) Perception and Understanding of How EE and ME
Concepts Are Integrated: The integrated design sequence was
developed to improve student perception and understanding
of how EE and ME concepts connect. The RBC responses
presented in Table III showed that students naturally spotted
the connection between EE and the DAQ course content and
appreciated the integration. In fact, no students had negative
comments about the integration.
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TABLE II
RBC RESPONSES FOR DEVELOPING HANDS-ON

EE SKILLS APPLIED TO ME

TABLE III
RBC RESPONSES ON HOW EE AND ME INTEGRATED

Integrating with other ME subjects also was praised by stu-
dents and students noticed how to apply the theories they
learned.

TABLE IV
RBC RESPONSES ON INTERESTS AND ENGINEERING IDENTITY

B. Identity and Doing Engineering

One intended outcome of the integrated sequence is to fos-
ter students’ engineering identity. As noted, students form
their engineering identity from having interests in engineer-
ing subjects, feeling confidence in engineering-related tasks,
and being recognized as engineers [28], [29]. As shown in
Table IV, students expressed interest in engineering subjects
and found confidence in engineering tasks. Some felt more like
engineers.

It is worth noting that one student brought up a concern that
some other ME students may share:

“How and when I’d use these things? I find myself
trying to imagine ME and being confused; will
I be doing a bunch of circuits and programming
stuff?” (12)

Although this is the only comment in all responses ques-
tioning what mechanical engineers should do, it would not
be an uncommon question for some students or engineers
in the ME field to ask. This comment perhaps demonstrates
a more traditional perception of mechanical engineers’ jobs.
As technologies evolve and demands for new skills appear,
it is evident that integrated knowledge will be beneficial and
necessary for all engineers and the boundary of disciplines
will become less defined [7]. Although this particular student
seems to be puzzled by this prospect, it also shows that they
have been thinking about what they would do as a future
mechanical engineer. They are considering their engineering
identity.

The RBC data also provide a glimpse into the sequence’s
impact on students’ perceptions as self-driven life-long learn-
ers. As shown in Table V, several students talked about their
plans for expanding the knowledge they gained into making
their own projects or applying to real-life examples.
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TABLE V
RBC RESPONSES ON LONG-TERM IMPACTS

C. Learning Trajectory

The last research question relates to students’ experience
over the six months of the course sequence. Student comments
in their RBC exercises provide evidence of student growth and
learning across the sequence. 20% of students mentioned in
the first RBC exercise that they had not built a circuit on a
breadboard before, and several students said that they were
new to microcontrollers and coding. Despite being unfamiliar
with circuits and coding, students were eager to learn new
knowledge and began to understand basics of circuits during
the first couple of weeks:

“Pretty much everything in the labs last week was
new for me. What I found most helpful was starting
to learn how to translate a schematic of a circuit dia-
gram to a breadboard. It is similar in many ways but
different in some other ways. Seeing an LED light
up and understanding how that happens is really
exciting!” (4)

As the first quarter went on, more comments about how they
were having a hard time understanding certain course materials
began to emerge. In the second and third RBC exercises, when
asked what made them enjoy or feel uncomfortable about the
course, many mentioned the coding part of the lab exercise:

“. . . I am getting better with circuits, but once it
gets to coding things tend to be above what I can
grasp. I need to focus more on the coding parts that
I’m struggling with. . . ” (19)

Some brought up specific topics related to circuits with
which they were having issues:

“I am still struggling to solve circuits using Thevenin
equivalent circuits. I do not understand how nodal
analysis comes into play after the circuit has been
simplified to a certain extent.” (10)

Although it could seem discouraging for instructors to see
students struggle, these comments show that students are
reflecting on their learning and identifying learning issues to
address. These RBCs also can give instructors more context
on what to adjust in the course to better students’ learning.
Both are benefits of frequent reflection exercises.

Toward the end of the first quarter, more students talked
about the progress they had made in more detail and felt a

sense of accomplishment when they overcame obstacles. It is
important for students to recognize their achievements when
building their engineering identity. For example, when asked
what they were proud of:

“Our success in making a working ambient light
controller was easily my most rewarding lab experi-
ence so far. Involving both code and space efficient
circuit construction, this lab presented the greatest
challenges. It was deeply satisfying to have such
a complex development process come together and
produce the expected results.” (5)

The first quarter was to build the foundation for more com-
plicated projects in the second quarter. Students slowly got into
the concepts of integrating circuits with their microcontroller
and got more comfortable building circuits as ME majors. As
one student put it:

“For the circuit expertise, I felt like that since I have
been leading to build the circuits lately and I can feel
that I am definitely getting better at it. Although I
thought I might hate circuits at the start of the quar-
ter but turns out I am looking forward to it lately.
What a surprise!” (17)

One can see that by the end of the first quarter, students
began to understand the traits of an engineer and what engi-
neers do. Although the two-quarter sequence is uncommon, it
is necessary. The two-quarter sequence not only allows enough
time to deliver necessary technical content but also gives stu-
dents more experience to do and frequently reflect on their
learning.

As the second quarter went on, more students expressed
their confidence in the tasks given:

“Seeing circuit diagrams has become a lot easier
after practicing it many times. The flow of coding
is getting clearer, I still need to learn the format-
ting and how each command affects each other when
running.” (11)
“In terms of the Labs, I didn’t feel as overwhelmed
as normal which was a relieving feeling. Also I was
very happy to see that my coding skills were improv-
ing as I was able to do everything I was trying to
do if I spent enough time on it.” (16)

They were more likely to identify things to improve on in
order to complete the given tasks:

“What took me a little longer than expected was
building the circuit since I had to revise previous
lecture on op amp. But I liked that because it gave
me a chance to look back at previous lecture.” (9)

From these responses, one can see a clear trajectory of
students’ learning across this sequence. Starting from not
knowing much and wanting to learn, to feeling frustrated as
they struggle to better understand, students gained confidence
and could identify actions to take to complete certain tasks.
Students not only learned by doing but also by reflecting on
their learning.
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V. DISCUSSION

In this section, how the design features (open-ended, hands-
on labs, integrated structure, and reflective activities) connect
to the intended outcomes of this new course sequence is dis-
cussed based on each of the three research questions. Potential
improvements and limitations of this study are also discussed.

A. RQ 1: What Evidence Is There That Students Learned EE
and DAQ Concepts and Integrated Them With ME Concepts?

This research question can be addressed through three find-
ings: Students 1) learned fundamental EE and DAQ concepts;
2) worked on hands-on EE and ME skills; and 3) understood
how EE and ME concepts are integrated.

1) A comparison of the Comp Exam scores showed that
students who took the integrated sequence performed
as well on EE and DAQ questions as those who took
separate courses. This suggests that students are under-
standing and retaining EE and DAQ concepts. This
is especially remarkable given that the class time stu-
dents spend discussing EE topics in the EE/DAQ I and
EE/DAQ II sequence is approximately 30% less than
the time spent in the original EE course. However, the
content in the EE/DAQ I and EE/DAQ II sequence
focuses on topics that are covered in the Comp Exam
and topics and skills used in ME application. While the
breadth of EE instruction may be less than in the orig-
inal curriculum, the new curriculum provided a more
targeted approach. Student reflections also support the
finding that they are motivated in learning fundamental
EE concepts when connected to ME content.

2) The new course sequence helped develop students’
hands-on EE skills. Student RBCs showed their appre-
ciation for hands-on learning, for the relevance of the
EE material, and for the authenticity of lab exercises.
The emphasis of hands-on skills is supported in part by
the wider ME curriculum that engages students in doing
engineering in regular labs. In the new sequence, stu-
dents spend twice as much time in labs as in the old
courses. Student reflections confirm their recognition of
the importance and value of the lab time.

3) Student reflections support their understanding of how
EE and ME concepts are integrated. They pointed to the
linking of theory and practice, an importance connec-
tion noted in [14] and [15]. Many students commented
on the connection between EE and ME concepts when
working on the labs that pulled information from ME
classes outside of the DAQ sequence. The tight integra-
tion of the EE and DAQ topics also help to establish
these connections and aligns with the recommendations
in [11].

Together, these three findings show that students learned EE
and DAQ concepts and integrated them with ME.

B. RQ 2: How Did the Students Connect the Experience to
Their Evolving Identity as Engineers?

The new curriculum and the culture of doing engineering
aim to provide an institutional support for students to develop

their engineering identity. As an essential part of the new cur-
riculum, this new course sequence created an opportunity to
do engineering in a rich way that provided fertile ground for
developing engineering identities. Situated learning, like labs,
provides opportunities for students to develop interests, skills,
and confidence and see themselves as engineers. As supported
by [29] and [30], all of these contribute to engineering identity
formation especially when coupled with intentional, recursive
reflection. Interest, skills, and confidence appeared in student
RBCs, suggesting that the new course sequence contributes
to students’ evolving identity. This is particularly encourag-
ing because this development occurred when over half of the
course sequence was taught online. Even better results are
expected when students are able to connect in person during
labs.

C. RQ3: How Did Students Experience the Course Over the
Two Quarters?

Because the RBC approach involved reflection exercises
every other week, it provided a clear window into student
experiences across the 20-week course and, thus, provided
answers for the third research question. At the beginning of
the term, students noted that they had never built circuits or
were new to microcontrollers and coding. Toward the end of
the term, students wrote about the progress they had made
and their sense of accomplishment when they overcame obsta-
cles, which is important in the developing their engineering
identity, as reported in [28] and [29]. They also conveyed an
understanding of engineering traits and what engineers do.
Confidence continued to increase through the second term, and
students reported being better able to discern what they needed
to do to complete a given task. Students learned not only
by doing engineering but also by reflecting on their learning
experiences.

D. Improvements

While there is evidence of success, the findings also suggest
several aspects to be improved in future offerings of the course
sequence.

1) Student engagement with the RBCs decreased over time,
falling to a low of 82% participation during the final
quarter. Some of this decline could be attributed to the
burnout all students experienced in the remote learning
environment. However, some might also be attributable
to fatigue with the RBC instrument itself or to a decrease
in the perceived value of the exercise. Possible solu-
tions include increasing the weighting of the grade
associated with participation in the RBC or provid-
ing some variance in how the RBC is administered or
in the questions that are asked. In addition to these
administrative adjustments, it is important to explain
to students how reflecting betters their learning and
meaning-making.

2) The lab report was designed to provide evidence to
assess ABET Student Outcomes 2 and 6 [21]. However,
the quality of the lab reports was varied. Although
the lab reports documented how students designed and
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TABLE VI
SUMMARY OF COURSE CONTENT

conducted their experiments, analyzed their data, and
drew conclusions, they did not provide sufficient data
for the researchers to systematically analyze students’
performance related to the research questions. Even
with an annotated outline for the lab report provided
to EE/DAQ I students, lab reports still had a large range
of quality. For EE/DAQ II, a simple example report was
added as a reference for students. This did improve the
overall report quality, but the quality was still incon-
sistent. In future offerings, a detailed example report
at the start of EE/DAQ I that includes specific “check
points” in each lab will be added to help guide students’
reports.

3) The largest challenge was the pandemic and shift
to remote instruction. While the hands-on labs were
retained, students were unable to work with each
other except in “Zoom rooms.” Although remote col-
laboration is increasingly common, teams develop-
ing EE, ME, and teamwork skills may benefit from
face time. Future labs will be held in a large class-
room where teams of students can collaborate within
their team and between teams. The impact of team-
work should be traced to assess ABET Student
Outcome 5.

E. Limitations

It is important to note that this study has several limitations.
First, this study aims to surface the connection between the
features and intended outcomes of the newly designed course

sequence so researchers can learn from it and improve on
future iterations of the course sequence. From our research,
the design of this course sequence is the first of its kind. It is
important for the researchers to continue to iterate its design.
Hence, the purpose of this study is not to compare this instruc-
tional design to others but to present an innovative approach
that sparks new ideas among educators. Second, this study
focuses on the formation of engineering identity related to
students’ experience in this newly designed course sequence
conveyed through their RBCs. Overall identity changes result
from their experience of the entire program. It is impossible to
isolate the impact of each course and program facet from all of
the factors students simultaneously experience that contribute
to identity change. Therefore, the change of student identity
based on this course sequence alone is not traced. However,
through the RED projects over the past four years, measures
of student identity, including the explicit engineering student
identity scale (ESIS) [44], and the implicit association test
(IAT) [45] were administered. The results show how the over-
all changes in the program affect student identity and will be
reported in the future. Third, participants in this study include
all students enrolled in these courses. As shown in Section III-
B, the majority of participants are White males. Given the
small number of students in other ethnic groups and genders,
it is not feasible to analyze the Comp Exam and RBC data
along demographic lines. Additionally, this cohort had several
nontraditional students who are older in age. While this con-
tributes to the older average age compared to other programs,
the impact of age is also not studied due to the small sample
size.
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TABLE VII
PROMPTS FOR QUESTIONS 3–5 OF EACH RBC EXERCISE

VI. CONCLUSION

The ME Department at Seattle University is developing a
culture of doing engineering that fosters engineering identi-
ties in part through new curricular experiences. One area that
students, industry partners, and faculty all felt needed to be
addressed was the disconnect between EE concepts and ME. In
response, an innovative instructional approach was developed
that integrated EE and ME concepts, emphasized hands-on
labs, and incorporated reflection. Using a mix of qualitative
and quantitative data, this article presented the details of this
newly designed course sequence and links to the intended
outcomes for this initial offering. Quantitative (Comp Exam)
and qualitative (RBC) data showed that students learned, inte-
grated, and applied EE and ME concepts and synthesized their
experiences. RBCs also demonstrated the connection between
students’ experiences and their evolving engineering identity
in the new course sequence. This is significant given that the
RBCs simply asked about students’ experiences rather than
instructing students to consider the course content’s integra-
tion and application or their identity growth. Findings from this

study also provided directions for improvement of future offer-
ings of this course sequence, including modifying reflection
activities, enhancing digital notebooks, and tracing the influ-
ence of teamwork, to gain more insights on student learning
and identity growth. Overall, the integrated EE/DAQ sequence
was successful. The course allowed students to learn both EE
and DAQ concepts in an integrated framework—connecting
EE and ME concepts through open-ended real-world labs; it
emphasized a hands-on learning experience; and it contributes
to students evolving engineering identity through labs and
reflection.

APPENDIX A

See Table VI.

APPENDIX B

See Table VII.

APPENDIX C

See Table VIII.
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TABLE VIII
PARTICIPANT IDENTIFIERS WITH DEMOGRAPHICS
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