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Using Six Sigma to Improve Student Teamwork Experience and Academic
Performance in Circuits Analysis Course

Abstract

Recently, quality of teaching and learning has gained significant importance among Higher
Education Institutes (HEI) stakeholders. Engineering education in many studies emphasizes the
importance of using effective teaching strategies to enhance students' academic performance and
students' satisfaction. These strategies help engineering educators in multiple ways, including
creating a stimulating learning environment, actively involving students in the learning process,
enhancing students' engagement, and improving students' learning. One of the most effective
strategies includes utilizing collaborative teamwork. Many undergraduate Electrical and Computer
engineering courses include teamwork activities. Group work can offer many benefits, including
improving communication and teamwork skills, appreciation and respect for others. However,
group work activity sometimes leads students into a challenging experience, especially for students
who are not familiar with group activities at university, and may also decrease individual
performance. When creating groups, instructors are faced with deciding whether to allow students
to form their groups or assign them to groups, whether to switch groups or keep them the same all
semester and whether to require students to submit their work individually or as a group. An
Electrical Circuits course for major and non-major students is used as a case study. Six Sigma
Methodology is implemented to investigate the issues related to students' teamwork experience. A
Critical-to-Quality (CTQ) tree is constructed to identify the needs of the students. Potential causes
are identified and analyzed using a Fish-bone diagram and 5-whys. Students' performance is used
as a quality metric to evaluate the teamwork experience before and after the improvements. We
collected students' academic performances based on four exams for more than 70 students over
two academic years. New strategies to overcome students' teamwork challenges are identified. As
a result, we redesign groups based on diversity in performance. The results show a significant
improvement in the grades and teamwork overall performance as well as students' satisfaction.
The control chart helped monitor the new implementation, and a standard procedure is designed

to follow in other classes.



Introduction

Engineering education research has emphasized improving teaching practices to increase students'’
participation, retention, academic performances, and motivating students to pursue careers in
STEM areas [1]. In the traditional teaching method, students learn the material through the lecture
and ultimately show knowledge mastery through homework assignments and exams. This

approach provides little opportunity for feedback during the learning process.

Teamwork has often been seen as a replacement or addition to traditional teaching approach in
higher education. Students learn better when actively engaged in teamwork than in a traditional
teaching approach. Recent research supports this observation, especially in STEM courses [2-7].
Also, educational research shows that in-class activity significantly impacts long-term material
retention, critical thinking, communication skills, and increased class attendance [4,8-10].

Teamwork is an important part of any undergraduate engineering program. The Accreditation
Board of Engineering and Technology (ABET) states that all ABET-accredited programs should
give students: "An ability to function effectively on a team whose members together provide
leadership, create a collaborative and inclusive environment, establish goals, plan tasks, and meet
objectives.” [11]. Group work can offer many benefits, including improving communication and
teamwork skills, appreciation and respect for others. However, group work activity sometimes
leads students into a challenging experience, especially for students who are not familiar with
group activities at university, and may also decrease individual performance. When creating
groups, instructors are faced with deciding whether to allow students to form their groups or assign
them to groups, whether to switch groups or keep them the same all semester and whether to

require students to submit their work individually or as a group [12,13].

Instructors have the choice to use either student-selected group's form or instructor-assigned
groups. Instructor assigned groups can be created randomly or through specific criteria to attempt
to distribute student characteristics and group member resources. Instructors are also responsible
for setting the lifetime of groups. They can choose to rotate groups during the semester to ensure
that students can work with people of different abilities and backgrounds or keep the same group

for the whole semester.



Six Sigma (SS) is a tool that can be used to enhance the quality of education [14]. Effective
quality management is built on a foundational concept called customer focus in Six Sigma
methodology. ldentifying customers and understanding their expectations is fundamental to
achieving customer satisfaction. In our project, the customers are the students, and the education
and learning experience is the service they need. In another aspect, the students' future employers
are the customers and the students, in this case, are the products that need to be delivered to the
employer. One of the main goals to universities is to provide high-quality education and learning
experience to students that enable students and prepare graduates to serve the community
[15,16].

Many studies were conducted to improve the Higher Education Institutes (HEIs) education
process using Six Sigma, but only a few applied the methodology in actual cases. Six Sigma and
Lean Six Sigma (LSS) were implemented to improve classroom performance and reduce defects.
Defects in these studies are the students' final grades [17, 18]. LSS was also applied to increase
admissions [19] and passing rate [20]. In [21], SS was used to improve the learning outcomes,
the Voice of customers (VOC) was collected by interviews and analyzed to identify students'
needs. The study included the four most important American Society for Quality (ASQ)
leadership competencies [22]. It noted from the previous studies that Six Sigma is a powerful

process improvement methodology in educational institutions.

In this paper, we used Six Sigma Methodology to improve students' teamwork performance and
overall class performance in one engineering course. The study explores the effect of group work
activities to predict students' academic performances. We investigate the issues related to
students' teamwork experience using quality management tools. Finally, we present the results
that show a significant improvement in the exam grades and overall teamwork performance as

well as students' satisfaction.

Circuits Analysis Course Description

At the University of Georgia, Circuits Analysis course is a required, high-enrollment, high-
impact course in engineering disciplines. The course is designed to serve the purpose of
educating an engineering student about the fundamental behavior of the five basic individual
active and passive circuit elements, and the basic concepts and laws that govern their group

behavior when these individual circuit elements are connected in a circuit or a system. University



of Georgia students take Electrical Circuits in a compressed, one-semester three hours format,
with classes meeting for two 50-minute periods and two hours lab session each week. The format
dictates a faster-than-usual pace of coverage of the material with little time spent reviewing

course material from previous lectures.

During the semester, Students will have three exams to test their knowledge and understanding
of the subject. Each exam designed to be closed-book, closed notes, open-mind with two side
formula sheet. Exam1 covers the concepts of analyze DC circuits using ohms law, Kirchhoff's
Current Law (KCL) and Kirchhoff's Voltage Law (KVL). Exam2 covers the concepts of analyze
DC circuits using circuits analysis methods and theorems such as nodal analysis, mesh analysis,
Superposition principle, and Thevenin and Norton theorems. Exam3 covers the concepts of
analyze steady state AC circuits using ohms law, Kirchhoff's Current Law (KCL) and
Kirchhoff's Voltage Law (KVL), circuits analysis methods and theorems such as nodal analysis,
mesh analysis, Superposition principle, and Thevenin and Norton theorems. Final exam is a
three hours comprehensive exam covers the concepts in exams 1,2 and 3 and concepts of analyze
steady state AC with Ideal Transformer, AC power calculation and analyze first and second

order circuits.

Each exam was supported by 4-5 in class group assignments and 1-2 practice problem sets with
solution, immediate feedback was used with the following features:

» The video was assigned before each class.

« Concept Quizzes were incorporated with each video to encourage students to watch the
video and test their understanding of it. Students only received points on these questions
if they answered them correctly.

« Mini-lectures that presented material prior to in-class assignment questions were used
throughout the lecture to identify if students were grasping the main concepts of the
lecture.

* In-class assignment questions aimed to challenge deep understanding.

* Online feedback system used to collect student answer to each in-class assignment
questions.

+ Students initially had 10-15 minutes to answer each question in the in-class assignment
individually. The correct answer was hidden from the students.



« Discussed the question as group for 5-7 minutes and were expected to come to a
consensus before answering again.

« Then students answered the same in-class assignment question again, allowing them to
change their answers based on the discussion. The grade for the in-class assignments will
be based on the group work using the Top hat as student's response system using in the
class. In general, most of the class time used for group work.

Methodology and Results

This study aims to improve the students' grades and improve the whole learning experience,
including in-class group work experience. Six Sigma is a data-driven quality strategy used to
improve processes. It has five phases: Define, Measure, Analyze, Improve, and Control
(DMAIC). The letters in the acronym represent the five phases that make up the process,
including the tools to use to complete those phases. The first step was to rewrite the Six Sigma

phases to reflect the higher educational process (Figure 1).

1. Define:
Identify the
objective and

clarify
students
needs

2. Measure:
Measure the
baseline data
(Exam
grades)

5. Control:

Maintain the
improvement

4. Improve:
Implement

3. Analyze:
Identify the
root causes
of low grades

and evalate
solution

Figure 1: DMAIC process for Educational applications

1. Define

In the first phase we need to identify the problem and understand students’ needs. It is observed
that many students have got less than the pass mark (60%) in exams. ldentifying the students'
needs is essential in this step, so the Voice of Customer (VOC) is collected. In general, VOC is

the component of customer experience that focuses on customer needs, wants, expectations and



preferences. Course evaluation and surveys are used to collect VOC data and information. CTQ
tree illustrates the students' needs, the drivers of the need, and the requirements to fulfill this need
(Figure 2). The main student need is identified as; improving students' performance in exams
since exams grades are performance metrics that reflect the student's understanding.

2. Measure

The second phase in the DMAIC process is Measure. After identifying the problem and the
opportunity to improve, we need to quantify the problem and measure the pre-improvement
performance. The baseline data is used to find the Defect per million opportunities (DPMO), a
quality metric representing the number of defects per million potential defects. DPMO is

calculated as follows:

DPMO = Number of actual defects % 1’000‘000

Number of defect opportunities

Statistically, the six sigma goal is to have 3.4 DPMO or less. To calculate the DPMO for the
student's grades, we assumed that every grade lower than 60% in any exam is a defect. The exams
included in the calculations are exam 1, exam 2, exam 3, and the final exam. Before each exam,
the students were given practice examples, and teamwork was required for solving the in-class

assignments.

CTQ/

Need Dies Requirements

Improve teaching effectiveness
Understand
lectures

Make material available to
students before the class

Improve learning effectiveness

Improve students

In-class Practice

-

perfcé;rg%r;ce in examples Improve group work
effectiveness
Clear note
Study well and
review_the
material Enough time to prepare

Figure 2: CTQ tree for students performance on exams



The DMPO and Sigma level calculations are shown in table 1

Table 1. Measurement phase calculation summary (DPMO before the improvements)

Before improvement Values
Number of students 35
Number of exams 4
Number of defects opportunities 35 x4 =140
Number of actual defects* 40

DPMO

40/140 x 1 million = 285,714 DPMO

Sigma level

2.07 sigma

*Note that the number of the actual defects are the number of exams with score 60 or less.

Each exam was supported by 4-5 in-class group assignments and 1-2 practice problem sets with

the solution and the poor performance is not equally distributed across exams because over the

semester, the course material gets harder and thus, exams get harder too. Figure 3 shows the

distribution of the exam2 scores for self — selected group and proposed group selection technigue.
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Figure 3: Exam 2 scores



3. Analyze

Analyze stage used to analyze the process to determine root causes of variation and poor
performance (defects). The 5- whys is a basic root cause analysis technique used to identify the
root cause of the high variation and low students grades (Figure 4). The course is designed to have
weekly in-class activities that allow students to work in teams, exchange information, and check
their understanding. The students were asked to form their groups. It is noticed that students work
with the same group every week and work with their friends. This situation creates an issue that
students don't exchange information effectively and spend more time to complete group
assignments. It also noted that self-selected groups of friends might spend more time off task

discussing extracurricular issues [23].

Low Exam grades

Why?

Low in-class activities grades

Why?

Teamwork did not improve the students understanding performance

Root cause: Students tend to work with students they already know

Figure 4: 5 Whys analysis

4. Improve

The main goal of the Improve phase is to solve the root cause and verify improvements. The results
and observations show that self-selected groups technique is not effective in groupwork since
students choose a close friend to work with or the group formed based on whom the student
happened to be sitting next to on the first day of class. Student-selected groups resulted in most
of the students remaining in the same group for the entire semester. Also, we noticed that the



students who worked in the same group ended up they have almost the same final grade on the
course. So, brainstorming sessions were held to generate and evaluate solutions. As a result, the
group selection technique was implemented as follows: Form groups based on students'
performance. Each group has three students from all performance levels (Above the average,
around the average, and below the average). After each exam, the members are rotated, and

groups adjusted based on students' performance on these exams.

Defects per million oppurtinities and Sigma Levels were calculated to verify the improvements.
Results show an improvement in the sigma level:

The DMPO and Sigma level calculations are shown in table (2).

Table 2: Improve phase calculation summary

After improvement Values
Number of students 42
Number of exams 4
Number of defects opportunities 42 x 4 =168
Number of actual defects* 28
DPMO 28/168 x 1 million = 285,714 DPMO
Sigma level 2.47 sigma

The results imply that the number of low-performance exam scores is reduced from 40 to 28
even though the total number of exams was increased from 140 to 168. One of the six sigma
quality metrics to show the improvement in numbers is the sigma level. Our data show that the
sigma level has improved from 2.07 to 2.47. This improvement means that the number of
students who scored less than 60 in exams reduced from 285,714 per million opportunities to

166,666.7 per million opportunities.

Results mainly show an increase in exam scores of average and below-average students (Figure
3). However, a slight increase in exam scores of the above-average students. These results
indicate that the proposed group-selection method benefited mostly below-average and average
students. The student that needs help benefits from individualized attention. But above the

average student also benefits. To explain a concept clearly, you have to understand it clearly,



and in the process of explaining it, you can gain new insight. Students' feedback was collected
informally and data shows that students like the experience and appreciate the opportunity of

working in different groups.

5. Control

The fifth and last phase is to control and maintain the improved process. A control plan has been
developed to ensure the new process of group work selection is maintained. Further
improvements and adjustments will be identified in the future for a continuous improvement
process. Inaddition, C-chart will be used to monitor the students' performance and track the sigma
level of the students' grades. The value of the current sigma level is around 2.5 which is relatively
low compared to the common six sigma value in manufacturing and other services application.
Note that there is no specific value recommended for higher education. Improving students'
grades is complicated compared to improving the quality of products or processes. In education,
the quality of the lectures, examples, group work are not the only factors that may affect the
students' grades. Many factors that could significantly affect the students' performance are
uncontrollable and unmanaged by the instructor. For example, students' absences and student
personal issues are common unmanaged reasons that could cause low performance in exams.
This study focused on improving the sigma level and reducing the number of low-performance
exams. More improvements might be needed in the future to increase the sigma level value
further and improve the overall students' performance. More research and case studies are

required in order to find out what sigma level is good in higher education.

Conclusions

This study demonstrated the application of the Six Sigma methodology to improve students'
teamwork experience and academic performance in circuits analysis course. The study assures

that the use of the six sigma approach is applicable in education systems.

When instructors select group members based on students' performance, students are more likely
to benefit from the group work through exchanging information, discussing, and helping each
other understand the problem and solution procedure. Then, rotate groups after each exam based
on students' performance on these exams to solve the in-class activities and keep the diversity of

each group.



Lessons learned from this project include; Six Sigma, a powerful tool that helps instructors
understand the teaching process, students' needs, and opportunities to improve. Following the
DMAIC process helps make scientific decisions based on facts and data in addition to experience

and previous research.

The case study also proves that the quality of group work has a significant impact on students'
performance. Designing group work activities is not enough to improve the students' experience
and performance. The selection of the group members is essential, and decisions should consider

the course subject, students' needs, and previous experience.

In the future, more CTQ requirements will be investigated, and more improvements will take
place, to enhance the students learning experience, exam performance, and overall course
performance. This project considers only one course over two academic years for undergraduate
students. Hence the outcomes cannot be generalized to all majors or students. However, the
results could provide valuable insights to improve the learning outcomes of high education

institutions.
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