r ".-.',12er ANNUAL

o T L CONFERENCE &
CHARGED UP > Jrvrrsome

FOR THE NEXT 125
1 Yecro B

= QASEE Paper ID #27467

Creating Environments for Critical Thinking: Building Upon Multiple Choice
Problems in Electrical Engineering Education

Dr. Saharnaz Baghdadchi, University of California, San Diego

Saharnaz Baghdadchi is an Assistant Teaching Professor at UC San Diego. She is interested in scholarly
teaching and uses active learning techniques to help students achieve expert-like level of thinking. She
guides students in bridging the gap between facts and usable knowledge to solve complex engineering
problems.

Zoe Nemerever, University of California San Diego

Zoe Nemerever is a PhD candidate in the Department of Political Science at the University of California
San Diego.

Mr. Paul Andreas Hadjipieris, University of California, San Diego

Paul Hadjipieris is an instructional designer at the University of California San Diego. He holds an MA, in
history from Edinboro University of Pennsylvania. His research agenda is on emerging educational tech-
nologies and their application to the classroom. He is deeply involved in SoTL research at the University
of California San Diego and currently working with faculty on course design and manuscript construction.

Dr. Sheena Ghanbari Serslev
Dr. Carolyn L. Sandoval, University of California, San Diego

Dr. Sandoval is the Associate Director of the Teaching + Learning Commons at the University of Cali-
fornia, San Diego. She earned a PhD in Adult Education-Human Resource Development. Her research
interests include adult learning and development, faculty development, qualitative methods of inquiry, and
social justice education.

(©American Society for Engineering Education, 2019



Creating Environments for Critical Thinking in Electrical and
Computer Engineering Education

Abstract

Fostering critical thinking is an important part of any course design in Engineering education. It
needs deliberate attention, and the implemented interventions must be routinely monitored and
assessed. The need for analysis skills is prominent in a wide range of lower division and upper
division engineering courses. One course in particular that requires strong critical thinking ability
is the analog circuit course in which students learn about nonlinear circuit elements such as
diodes, bipolar junction transistors, field effect transistors and their applications in designing
functional circuits. Electrical and Computer Engineering students taking the course are required
to make logical assumptions about the operation of these circuit elements and justify their
assumptions based on the calculated results. Students struggle with analyzing the networks with
a combination of these nonlinear circuit elements and relating them to the design of functional
circuits as it demands a higher level of understanding.

In this paper, we present a study of the impact on student learning when integrating take-home
tests, peer instruction, pre-lecture videos, and guided quizzes in a lower division analog circuits
course. The goal of these interventions was to improve critical thinking, essential for all
engineering students, and to improve student mastery of course learning outcomes, among
electrical and computer engineering students. This study ran through the Winter and Spring
quarters in 2018. Survey data were collected at three points throughout both quarters to monitor
the students’ perception of the interventions and the effectiveness of the techniques. In addition
to the survey data, students’ responses to the challenging and authentic problems on the midterm
and final exams and their grades were used to assess the effectiveness of the implemented
techniques in improving critical thinking skills and to make changes to the design of the course
at the end of the first offering of the redesigned course.

According to our results, 86% of the students found the take-home tests effective in developing a
profound understanding of the course topics in the second quarter. Compared to the student
responses in the first quarter in which 65% of the participants mentioned that to be able to solve
exam problems, they must have seen a similar circuit beforehand, in the second quarter 69%
agreed that they can solve a circuit problem without seeing a similar problem beforehand. The
survey findings, alongside an analysis of student exam grades, provide strong evidence that the
implemented interventions have supported the development of problem-solving and critical
thinking skills among Electrical and Computer Engineering students.

Introduction

To support discoveries that advance society, our university promotes the practice of dedication to
equipping students with multidisciplinary tools. Faculty in the Engineering school at UC San
Diego, a large public research institution, strive to develop strategies to cultivate critical thinking
skills in Engineering students. This study was conducted in Components and Circuits Lab, a core
Electrical Engineering course, to test the effect of peer instruction, take-home tests, and pre-
lecture videos on improving students’ critical thinking and mastery of course learning outcomes.



The course level learning outcomes require students to analyze unique circuit problems that were
not practiced in the class, and design functional circuits using the methods of analyzing circuits
learned in the class.

In Components and Circuits Lab (ECE 65), students learn about linear and non-linear circuit
components such as operational amplifiers (op-amps), diodes, and transistors. In addition to
analyzing the operation of these circuit elements, students are expected to use the acquired
primary knowledge to design functional circuits according to the specified constraints. For
example, after learning about the op-amps and how to analyze op-amp circuits, they are asked to
design weighted summer circuits or op-amp circuits for removing the noise added to the signal.
As another example, after they learned the basics of the operation of bipolar junction transistors
and their applications as amplifiers, they are asked to design amplifiers for the desired gain and
output voltage swing.

To accomplish the design-related tasks in the class, students need to achieve a higher level of
learning and reach a mastery level in analyzing the related circuits. In the traditional lecture style
of teaching previously used in this course, many students could not achieve the instructors’
desired mastery level and struggled with solving the synthesis-level problems. To address this
issue, the following interventions were implemented in the course offered in the Winter and
Spring quarters of 2018.

In Winter 2018, the course instructor added a series of multiple choice iClicker questions to each
lecture. Students were asked to solve the problems individually and then discuss the problems
and explain their solutions to their peers. Four homework assignments were also added to the
course to give students more practice with the problems and to provide additional checkpoints
for the instructor and students to assess understanding. Similar to past quarters, one midterm and
one final exam were also used to assess learning. Based on analyses of student feedback in the
surveys and their midterm and final exam grades, the instructor added new components to the
Components and Circuits Lab offered in the Spring quarter and revised the structure of the class
further. One newly added component was two optional take-home tests. These tests had a
problem related to the course topics, but solving the problem required a more in-depth
knowledge of the topics. To answer the questions in the test, students had to analyze the
operation of the challenging circuits. They were required to discuss the effect of changing the
values of the circuit components or the amplitude of the current and voltage sources on the
operation of the circuits, and finally design circuits to achieve the desired outcomes. Another
added component was a series of pre-lecture video screencasts of the instructor teaching parts of
each lecture, and a multiple-choice question at the end to check for understanding. Students were
highly encouraged to complete the take-home tests, and watch the pre-lecture videos and answer
their related questions before coming to class.

Similar to the Winter quarter, in the Spring offering of the course, iClicker and discussion
questions were integrated into the lectures, and a midterm and a final exam were used for
assessment. To further adjust the course structure, the instructor replaced the homework
assignments used in the Winter quarter with the weekly quizzes in the Spring quarter. The type
of circuit problems in the weekly quizzes and their level of difficulty were similar to the ones in
the previously used homework assignments.



In this study, the test and control groups were composed of ECE 65 students in the Spring
quarters who opted out of taking the take-home tests and watching the pre-lecture videos, and
students who took the tests and/or watched the videos. The final exam grades and the survey
results were used as the assessment tools for analyzing the effectiveness of the new components
added to the course and the revised structure of the course in the Spring quarter. Additionally,
instructor reflections on the process of revising the course from Winter to Spring quarter are
provided in this paper.

Literature Review

There has been an ongoing effort to improve engineering instruction and create learning
experiences that echo practical skill-sets in the field (Felder et al., 2000). Accordingly, there has
been a breadth of research that examines various teaching methodologies in the discipline. To
frame this research, an overview of the importance of critical thinking in engineering education
is presented alongside a review of different assessment and blended instructional methods that
influence student learning.

Critical Thinking in Engineering Education

Critical thinking has been cited as a hallmark of a university education that is an integral
component of intellectual activity and a trait of life-long learners (Ahern et al., 2012; Siegel,
1980; Tsui, 2016). It is an educational ideal that is valued across disciplines and has been
repeatedly noted as a desirable skill-set for students entering the workforce. Most broadly,
critical thinking is “reflective and reasonable thinking that is focused on what to believe or do”
(Ennis, 1985, p.45). Critical thinking in an engineering context has been described as the ability
to perform a task, question and reflect upon it while grounding their reflection in reality. It is
important to note the critical thinking as a dynamic concept in engineering that requires students
to navigate between empirical and abstract knowledge (Ahern, et al., 2012).

Collaboration is often closely linked with critical thinking. This is not surprising given the team-
based nature of most engineering professions and the inclusion of communication and teamwork
as an explicit goal in the accreditation of engineering programs (Woods, et al., 2000).
Furthermore, Mills and Treagust (2003) posit that traditional “chalk and talk” pedagogies remain
prevalent in engineering education despite the mounting evidence in support for collaborative
approaches like problem-based or project-based learning. In thinking about creating classroom
environments that encourage collaboration and critical thinking, types of assessments should be
carefully considered.

Using Assessments to Promote Learning

How instructors measure student success influences course outcomes. Course assessments are a
key tenant of course design and determine the metrics of measurement for student proficiency in
course learning outcomes (Wiggens & McTighe, 1995). Traditional assessments, like multiple
choice tests and problem-sets, are prevalent in engineering education (Claris & Riley, 2012;
Nicol, 2007). While the literature includes some benefits of these types of assessments there is a
growing body of research examining alternate means assessment that is more reflective of the



profession. Multiple choice assessments, specifically, are a means of accommodating for large
classroom size and allowing for rapid student feedback (Nicol, 2007). Claris and Riley (2012)
suggest that these types of assessments are not reflective of the discipline and imply that
Engineers work primarily with multiple choice questions and problem-sets; these assessments
lack the student reflections and critical questions necessary to engage more deeply in the subject
matter.

To move towards a curriculum that places a higher value on critical thinking and collaborative
skill-sets, assessments should incorporate opportunities for students to mimic applied
engineering situations (Bordogna, 1993; Springer et al., 1999; Singer & Smith, 2013). This is
exemplified with the curriculum redesign at Maastricht University where a traditional lecture
model was restructured to integrate courses with case studies and projects. This approach
integrated group-work that allowed students additional opportunities to practice and apply the
concepts presented in the course (Perrenet, 2000). In another example of engineering curriculum
analysis, Siller (2001) shared sample course exercises designed to measure critical thinking.
Rather than presenting problem-sets or exams, the activities have multiple steps and opportunity
for reflection and articulating decision-making.

In addition to the emphasis on critical thinking skills in engineering education, there is also a
movement to push towards an active learning approach (Baghdadchi et al., 2018; Chi, 2009;
Freeman, 2014). Through active learning, students acquire knowledge and skills through practice
and reflection, rather than passively absorbing the material (Felder, et al., 2000). A meta-analysis
of active learning literature in engineering education shows that, while different studies vary in
strength, there is a clear connection to increased student engagement when an instructor
implements an active approach, and multiple studies show that students remember more content
from a lecture if it includes brief activities. Furthermore, the literature presents a case for
creating classrooms that promote collaboration and cooperation rather than competition and
achievement (Prince, et al., 2004). Positive effects of group learning unrelated to the material
include high self-esteem, forming interpersonal relationships with classmates, creating a sense of
social support in the classroom, and positive attitudes towards learning in general (Prince 2004;
Springer et al., 1999).

An active learning classroom lends itself to hybrid and blended instruction. Blended learning
replaces some aspects of face-to-face teaching by removing some of the lecture content to online
videos or other mediums, through these mediums, students are expected to acquire knowledge
before class and have an opportunity to practice and apply problems during the allotted class
time (Clark, et al., 2018). While this methodology does not imply immediate student learning
gains, research suggests there are positive student learning implications in blended engineering
classrooms (Dziubian & Moskal, 2001; Jensen et al., 2015).

While there has been some research on the benefits of peer instruction there have been limited
studies that specifically examine peer instruction and group examinations in engineering
coursework. Peer instruction has proven to be a strong starting point for students to articulate
their own perceptions of how they see a problem and evaluate a solution, this type of group work
encourages students to apply metacognitive skills (Ahern et al., 2012; Siller, 2001; Perrenet,
Bouhuijs, & Smits, 2000). In Baghdadchi et al., (2018) engineering students stated that the



integration of peer instruction and collaborative guided quizzes were helpful towards their
learning.

Building upon the importance of critical thinking and active learning in engineering education
this study aims to fill a void in the current literature and share the impact of an instructor
integrating pre-class videos, peer instruction, and take-home tests in an undergraduate Electrical
Engineering course.

Setting

This study was conducted at UC San Diego, a large public research-intensive university in the
United States with an approved IRB project. The course, Components and Circuits Lab, was
offered in the Winter and Spring quarters of 2018. The course was taught in three weekly 50-
minute class sessions. The same instructor taught the course in both quarters covering the same
topics. Both quarters had approximately 120 students enrolled. Four students from the Winter
quarter retook the course in the Spring. Surveys were completed by 50 and 78 students in the
Winter and Spring quarters, respectively. Table 1 shows the breakdown of students by gender
and year in the program.

Table 1. The number of students and their college year.

Quarter Total Female Male Istyear |2ndyear |3rdyear |[4th+ year
Winter 117 15 112 0 13 68 36
Spring 122 18 104 0 17 69 36

Course Design

In the Winter quarter, the instructor lectured for about two-thirds of the class time and the rest of
the time was spent on peer instruction. Peer instruction was implemented through multiple
choice and discussion questions. Students answered multiple-choice questions in class using
iClickers. Multiple-choice questions provided the students with frequent opportunities to test
themselves, without monopolizing classroom time. For more involved peer-instruction
opportunities, students discussed open-ended questions in groups of 3-4 students. Open-ended
discussion questions encouraged students to generate solutions to the problem instead of
guessing the answer or testing the given answer choices. The practice of answering open-ended
questions was important preparation for the types of questions students would later be required to
answer on exams.

In the Spring quarter, the instructor continued using multiple choice and discussion questions in
the lecture sessions. The instructor added a series of pre-lecture videos to the course, optional
take-home tests, and rebranded the homework assignments as weekly quizzes.

The pre-lecture videos were 10-minute screencasts that the instructor recorded of herself
teaching about half of the topics in each lecture. Students answered a single multiple-choice



question at the end of each pre-lecture video. To encourage students to watch the videos before
coming to the class, the instructor offered one percentage point extra credit to the final course
grade for students who watched all of the lecture videos and answered all of the post-video
multiple choice questions correctly. The students who did not watch the pre-lecture videos or
answer the post-video questions did not lose any points in their total course grade.

The goal of the pre-lecture videos was to increase the amount of class time available for peer
instruction, including the multiple choice and discussion questions. During class meetings, the
instructor spent about one-third of the time lecturing and the other two-thirds of the class were
spent on multiple choice and discussion questions. This is half the amount of time spent lecturing
during the Winter quarter.

Table 2: Course Components

Winter Quarter Spring Quarter

iClickers and class discussions iClickers and class discussions
Homework assignments Weekly quizzes

Midterm Midterm

Final Final

Labs Labs

Pre-lecture videos and reading quizzes prior
to each class

2 optional take-home tests, could be done in
groups

In addition to the pre-lecture videos, two optional take-home tests were added to the course in
the Spring quarter. The instructor strongly encouraged the students to complete the take-home
tests. Each test was worth 10% of the total course grade. If students chose not to complete the
take-home tests, the total grade break down was distributed over the midterm (5%) and the final
exam (15%).

The first test occurred before the midterm, and the second test occurred between the midterm and
final exams. On average, students had ten days to complete the take-home tests. The instructor
encouraged students to work on the take-home tests with their peers. Students were asked to
prepare a 5-10 minute screencast explaining their solution and submit it along with their written
solution. This was to reinforce learning by explaining and to maintain the academic integrity of
the tests. The tests included challenging circuit problems that required a mastery level of
understanding of the topics. They were intended to refine students’ critical thinking skills by
encouraging them to experiment with different problem-solving approaches to design circuits
that satisfy certain sets of constraints.



Finally, the instructor transformed the Winter quarter homework assignments into weekly
quizzes for the Spring quarter. The homework assignments and weekly quizzes were similar in
content. In addition, the course in both quarters had weekly lab sections that were scheduled for
three hours per week. The lab assignment did not change after the Winter quarter.

Student Selection into Treatment Conditions

Table 3 shows the number of students that selected into each treatment group during Spring
quarter. The majority of students elected to complete both the optional pre-lecture videos with
questions and the optional take-home tests. Over twice as many students completed just the take-
home tests than students who completed only the pre-lecture videos and questions. Slightly over
one-tenth of the class chose to not participate in either of the optional activities.

Table 3: Treatment Groups

Watched pre-lecture videos | Did not watch pre-lecture videos
Optional take-home tests Group 1: Group 2:
70 students (57%) 28 students (23%)
No optional take-home test Group 3: Group 4:
11 students (9%) 13 students (11%)

Table 4 shows the year and gender balance of students, and whether or not they were enrolled in
the Electrical and Computer Engineering major for each of the four treatment groups. Female
students were slightly more likely than male students to take advantage of both of the optional
learning activities. There was no notable pattern of treatment uptake among the different years in
the class. The other majors include Chemical Engineering, Cognitive Science, Computer and
Science Engineering, Mathematics, Physics, Bioengineering, Structural Engineering, Undeclared
Physical Sciences, and Undeclared.

Table 4: Balance Tables of Participants (Spring Quarter only)

Class Group 1 Group 2 Group 3 Group 4
Sophomore 14% 13% 21% 0% 15%
Junior 57% 56% 57% 64% 54%
Senior 30% 31% 21% 36% 31%
In major 77% 79% 75% 82% 69%
Male 81% 79% 85% 89% 81%
Total 122 70 28 11 13




Results and Discussion

The effects of the active learning techniques were measured using students’ final exam grades.
Table 5 shows the average final exam grade, and respective standard deviations, for each of the
treatment groups. More detailed information about the distribution of final exam grades for the
class as a whole and within each treatment group are shown in Table 6 and Figure 2. The data
provides mixed evidence for whether or not the pre-lecture videos had an effect on students’
grades. Among students who completed the optional take-home tests, the videos had a positive
effect of 8% on the final exam grades. Among students who did not take the optional take-home
test, those who watched the videos actually did slightly worse (one-half percentage point). As
predicted, students who completed the take-home tests performed significantly better on the final
exam than students who did not complete the take-home tests. The effect of the take-home tests
was large (6 - 15 percentage points) and was present regardless of whether students chose to
watch the pre-lecture videos.

Table 5: Average Final Exam Grade by Treatment Group (standard deviations in parentheses)

Watched pre-lecture videos | Did not watch pre-lecture videos
Optional take-home tests Group 1: Group 2:
66.2% 58.1%
(1.9%) (3.1%)
No optional take-home test Group 3: Group 4:
51.5% 52%
(6.9%) (6%)

Table 6: Spring Quarter Final Exam Summary Statistics by Treatment Group, out of 50 points
total

Mean Median
Group 1 66.16% 66.5%
Group 2 58.14% 61.5%
Group 3 51.44% 52%
Group 4 52% 62%
Class 61.48% 64%

Figure 1 shows that the largest positive effect on final exam grades came from the interaction of
the take-home tests and pre-lecture videos. Further, the group of students who completed both
treatment conditions is the only group that is statistically significantly different from the control
group (no treatments). This suggests that future classes should incorporate both elements in order
to provide students maximum benefit.



Average Final Exam Grades by Treatment Group
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Figure 1: Final exam grades averaged over treatment groups with 95% confidence intervals.

Figure 2 shows the distribution of final exam grades within each treatment group and for the
class. The grades for Group 1 and the class have the most normal distributions, presumably
because they have the largest size. Notably, Group 3 has a somewhat uniform distribution,
suggesting large variability of exam performance within the group.

Distribution of Final Exam Grades by Treatment Group

Group 1 (n=70) Group 2 (n=28) Group 3 (n=11)
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Figure 2. Distribution of Final Exam Grades by Treatment Group. The black and red lines in

each graph show the mean and median grades, respectively. The y-axis in each graph shows the
percentage of students within each group who scored the grades presented on the x-axis.



Table 7 shows the average and median cumulative GPA of students in each treatment group.
This table also shows the percentage of the students with lower cumulative GPA, relative to the
average GPA in the class, who chose the activities in each treatment group. The average
cumulative GPA of all students in the class was 3.18 with a median of 3.25.

As can be seen in Table 7, 45% of the students who had a below-average GPA, participated in
both the take-home tests and watching the pre-lecture videos.

Table 7. The average cumulative GPA of students in each treatment group and distribution of
students with below-average GPA in different groups.

Group 1 Group 2 Group 3 Group 4

Average cumulative 3.29 3.08 2.88 3.06
GPA (out of 4.0) of the

students in the group

Median cumulative 3.36 3.17 2.76 3.18
GPA (out 0of 4.0)

Percent of students 45% 28% 15% 12%

with a cumulative GPA
below the class average
in the group

When redesigning this course, two important course level outcomes were the ability to analyze
circuit problems different from the ones that were practiced in the class, and the ability to design
functional circuits using the methods of analyzing non-linear circuits learned in the class. To
achieve these learning outcomes, students needed to reach a higher level of learning and mastery
in analyzing the related circuits.

To this end, the researcher designed a series of multiple choice and iClicker questions for each
lecture in the Winter quarter of 2018. Peer instruction was an integral part of the redesign and
one of the primary modalities for meeting the mastery learning outcome. The researcher could
see the efficacy of providing time in class for students to solve problems and work together;
however, these active learning strategies took time. To address this issue, a blended model of
instruction was built into the design of the course in the Spring quarter. Students had the choice
to view pre-recorded lectures of the material that would have been traditionally covered in class.
In addition, to support their learning, optional take-home tests were offered that were designed to
facilitate mastery of the material.

Peer instruction and pre-lecture videos

In integrating the peer instruction and pre-lecture videos into the course, the researcher
considered the educational research on the benefits of flipping the instruction which allowed



students the opportunity for an appropriate amount of time to work individually on the multiple-
choice questions (Dolan & Collins, 2015). Furthermore, the instructor’s experience in
implementing the peer instruction in the Winter quarter contributed to her decision of adding the
pre-lecture videos as a new component to the course offered in Spring. In the Winter quarter,
while the students had access to the reference notes prior to coming to the class and were
encouraged to read the notes in advance and come to the class prepared, most of them did not
follow the instructions. As a result, an average student usually did not finish solving the iClicker
and discussion questions in the allocated time and couldn’t effectively participate in the
discussions. The addition of pre-lecture lecture videos to the course in the Spring quarter
provided a tool for encouraging students to review lecture content and start the learning process
before coming to the class. This, in turn, offered extra time in the class to be spent on peer
instruction.

The researcher found that the pre-lecture videos and peer instruction supported student
engagement in the in-class activities and noticed observable changes in student behavior. More
specifically, the majority of students in the Spring quarter came to class prepared, and usually,
the first few minutes of every lecture was spent on answering students’ questions about the
topics of that lecture. During the lecture, once students had engaged with the multiple choice and
discussion questions, they were provided the opportunity to share with their peers their findings,
questions, and tumult. This process allowed the instructor and the four teaching assistants who
attended the lectures to ask probing questions, check for understanding, and address
misconceptions in real time. At the end of the peer review, the instructor solved the problem and
explained the solution to the entire class.

The students in the Spring quarter appeared to appreciate the pre-lecture videos and how these
videos enhanced the in-class activities. In the mid-quarter survey, in response to the question
“what contributes to student learning in this class” fifty percent of the participants cited the pre-
lecture videos, and in the end-of-the-quarter survey, 76% of the participants agreed or strongly
agreed that the pre-lecture videos were helpful to their learning. This is supported in the findings
that indicate that students who accessed the pre-lecture video had a positive effect of 8% on the
final exam grade. Regarding students’ perception of the effectiveness of peer instruction and
discussion or clicker questions, in the mid-quarter survey, 69% of the participants cited the
iClicker and discussion questions as a contributing factor to their learning, and in the end-of-the-
quarter survey, 72% of the participants agreed or strongly agreed that the peer instruction and in-
class questions were helpful to their learning.

In the written feedback section of the end-of-the-quarter survey, some students mentioned that
they would have preferred that all of the lecture content was recorded in the video format and the
entire class time would have been spent on solving the iClicker and discussion problems. To
further examine this suggestion, the instructor in collaboration with the Teaching and Learning
Center at the University prepared a focus group consisting of students who had the experience of
taking a fully flipped classroom in the Electrical and Computer Engineering department and
some of the students who took Components and Circuits Lab in the Spring and Winter quarters.
The results of the focus group indicated that students preferred the flipped classroom method.
The instructor aims to offer the course with the flipped method in the future quarters.



Take-home tests

What became clear after reading the survey results and conducting an analysis of the midterm
and final exam grades were that students in the Winter quarter were lacking the skills needed to
answer the synthesis level problems. In the mid-quarter survey of the Winter quarter, 65% of the
participants mentioned that to be able to solve a problem on the exam, they should have seen a
similar one before. This was consistent with how students solved the exam problems that were
similar to the homework assignments or the in-class iClicker and discussion questions, but
mostly failed to answer the unique problems.

In the Spring quarter, to support the mastery learning outcome, optional take-home tests were
offered to all participants. These tests were composed of challenging problems that required
students to connect different concepts and draw conclusions. Students were encouraged to work
in groups with their peers and ask questions from their teaching assistants or instructor. Since
these take-home tests and their implementation method were new to the students in the Electrical
and Computer Engineering department, the tests were offered as optional.

Since the test problems were completely new in terms of their similarity to the in-class iClicker
and discussion problems, working on these tests helped students improve their confidence, in
addition to achieving a mastery level of learning. As the quarter progressed, there was a
noticeable increase in confidence when the instructor and teaching assistants were interacting
with students as part of the peer review process. For example, the questions posed by students
were mostly about their approach to solving the problems and their thought process, which
reflected high order thinking about the concepts. This was in contrast with questions like “is
option A the correct answer?” usually asked at the beginning of the quarter.

This observed behavioral change is reflected in the analysis of students’ perceptions of critical
thinking and the results of the final exams. Figure 2 shows the results of mid-quarter and the end-
of-the-quarter survey question “to what extent do you agree or disagree that you can solve a
circuit problem if you have not seen a similar one before?”. As shown in the graph, the
percentage of students who had a positive response to this question increased at the end of the
quarter and the percentage of negative responses decreased. Moreover, in the end-of-the-quarter
survey, 86% of the participants indicated that the take-home tests were effective in helping them
practice and learn the course topics. Also, as indicated in Figure 1, the 70 students who did
participate in the take-home tests scored 15 percentage points higher on the final exam than the
grades of the 11 students who did not choose that option.

Table 7 presents the average GPAs for students who opted into both activities, one activity, or
neither activity. While the average GPA of students who completed the optional activities was
higher than that of the other groups, there was representation of above-average and below-
average students within each of the groups.



To what extent do you agree or disagree with the following statement?
| think | can solve a circuit problem if | have not seen a similar one before.

42%

B Mid-quarter survey
34%
29%
25% » End-quarter survey
20%
18%
12%
7% 9%
=1 B I

Strongly agree Agree Somewhat agree Disagree Strongly disagree

Figure 2. The results of the critical thinking question in the mid-quarter and end-of-the-quarter
surveys in Spring 2018.

A challenge that students initially encountered with the take-home tests was with preparing the
screencast of their explanations. A few of the students reported that they spent a lot of time
editing the videos after recording them. After receiving this feedback, the instructor asked the
students not to edit the videos, and add a clarification note to their report if they made a mistake
in their explanation.

Replacing Homework assignments with Weekly Quizzes

In the Spring quarter, the homework assignments previously used in the Winter quarter were
replaced with the weekly quizzes. Each quiz consisted of two circuit problems designed in the
format of multiple-choice questions and they were assigned to students on a weekly basis
through the Learning Management System (LMS). All of the problems in the weekly quizzes had
instructions on how to solve them. Students were encouraged to work on the weekly quiz
problems with their peers; however, to earn credit, each student had to submit their responses
individually through their accounts. The problems in these quizzes were similar to the homework
problems in the Winter quarter.

Among the reasons for replacing the homework assignments with weekly quizzes, the most
important one was the positive student feedback that the instructor received after using similar
guided quizzes in a different course. The routine schedule of assigning these quizzes on Friday of
every week was also intended to urge the students to review the topics of the week at the end of
the week and to help them with developing good study habits. Furthermore, since the quizzes
were graded by LMS, the teaching assistants could attend the lecture classes and participate in
the in-class discussions instead of grading the homework assignments.

Students’ perceptions of the effectiveness of the weekly quizzes in helping them learn the course
topics are assessed in the end-of-the-quarter survey. According to the survey results, 63% of the
students rated these quizzes as somewhat effective and 13% as very effective.



Although the instructor did not observe any issues with these quizzes, a potential problem could
be that the student might get overwhelmed with both the weekly quizzes and the quizzes at the
end of the pre-lecture videos. Nevertheless, because these are optional and there are no high
stakes points assigned to students' grades, they may be more inclined to attempt to complete
them.

Conclusion

The new components, peer instruction, pre-lecture videos, and take-home tests, added to
Components and Circuits Lab over the Winter and Spring quarters in 2018 proved to have a
positive impact on students' ability to solve unique and complex circuit problems, and in helping
them achieve a higher level of learning the course topics. These techniques are not limited to the
circuits classes and can be implemented in a vast range of engineering and non-engineering
courses. The researcher will collaborate with the instructors of the IoT (Internet of Things)
course at UC San Diego to integrate these techniques into their course.

In the future, the instructor intends to pre-record all the course topics and spend the entire class
time on peer instruction and solving iClicker and discussion questions. In addition, due to the
successful results with the take-home tests and to increase student engagement with the course
materials, the instructor will increase the number of take-home tests to three such that students
would take one test before their midterm exam and the other two tests between the midterm and
final exams.
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