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This paper explores the impact of introducing a learning-through-application-based teaching method to science and

engineering instruction in higher education. The growing gap between traditional teaching approaches and the needs of

today’s college graduates is addressed by introducing a learning pedagogy based on Deming’s Plan-Do-Check-Act

(PDCA) cycle. A semester of experimentation with a class of thirty-one students shows that 94% of students experienced a

significant increase in learning and 90% have increased confidence in application. Results suggest that, compared to

traditional teaching approaches, the proposed method could be a more effective way of teaching science and engineering.
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1. Introduction

The typical academic experience of a college student

in science and engineering can generally be summar-

ized as such:

� Students attend classes or labs and the instructor

delivers information, typically in a lecture or

discussion format.

� Students capture the information by listening,

taking notes, and potentially interacting.

� Homework assignments and exams are adminis-
tered to gauge students’ understanding of impor-

tant concepts.

� Students skim textbooks and notes for ‘‘the

answer’’ to homework assignments and to cram

information into their brains for exam prepara-

tion.

� Students complete homework assignments and

exams, which are then graded and returned.
� Much of the information is purged from the

students’ brains, some information is retained,

and the process repeats itself for the next wave of

information.

The above process has been the primary mode of
operation at colleges and universities since the

existence of modern education. Despite calls for

more innovativemethods of engineering and science

instruction, lecture and exams remain the predomi-

nant method of instruction and evaluation, respec-

tively [1]. Paradoxically, learning often takes place

at the point where a student realizes what he or she

does not know. This dynamic creates a gap between
the skills developed in education and skills a grad-

uate needs in the workforce [2, 3]. If a critical output

of college education is that students truly learn the

concepts deemed important by their course of study,

shouldn’t there be a way to measure learning

beyond the point a student finds out, upon receiving

a graded assignment or exam, what they do not

know? For science and engineering students, the

answer to this frustration may lie in one of the

foundational fundamentals that permeate through
the entirety of their curriculum—the scientific

method.

2. Background

2.1 PDCA

The Plan-Do-Check-Act (PDCA) cycle is a learning

and improvement cycle that evolved from the

broader scientific method [1]. The PDCA cycle is

most commonly credited as being created byDr.W.
EdwardsDeming, anAmerican engineer, professor,

author, and management consultant. However,

Deming called it the ‘‘Shewhart Cycle’’ based on

his learnings from his mentor Walter A. Shewhart.

Other names for the concept include the Deming

Cycle and the DemingWheel. Later in life, Deming

began referring to the methodology as the PDSA

cycle, replacing ‘‘check’’ with the word ‘‘study’’ to
bring clarification to the true intent [4]. For the

purposes of this article, themore common terminol-

ogy—PDCA—will be used. Fig. 1 shows the PDCA

cycle with descriptions of each stage.

A key principle of the PDCA cycle is that it

promotes learning through iteration; the findings

from one cycle generate a new cycle, extending

knowledge even further.DuringDeming’s extensive
work in Japan in the 1950s, many Japanese compa-

nies embraced the cycle as the foundation of their

organization’s learning culture. Perhaps the most

popular advocate of this philosophy is Toyota. A

common mantra at Toyota is the notion of ‘‘we do
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not just build cars, we build people. [5]’’ This is

accomplished by developing every employee at

every level to use critical thinking and problem

solving. Toyota can be viewed as a community of

scientists who continually seek improvement based

on the scientific method to advance their operations

[6].

The Toyota Production System has gained inter-
national notoriety for its tools and methods such as

kanban, 5s, and total productive maintenance.

However, the organization is adamant that those

tools are just ways to accomplish improvements,

and the fuel that drives the systematic improvement

is indeed the PDCA cycle. The PDCA cycle is so

integral to the system that the company utilizes a

standard communication format, A3 reporting, to
reinforce the PDCA mindset in all aspects of its

business [7, 8].

2.2 Teaching in higher education

Interestingly, the aforementioned experience of a
typical college student starts out following the

PDCA cycle. The instructor develops the ‘‘plan’’

by issuing assignments or by teaching concepts on

which students will be tested. The students then

‘‘do’’ by completing the assignments or exams.

The ‘‘check’’ is accomplished when the instructor

grades the assignment or exam. However, the cri-

tical phase that is omitted is the very one that
completes the iterative cycle that drives learning—

the ‘‘act’’ phase. Once the students find out what

they do not know, the current process of teaching

doesn’t allow them to ‘‘act,’’ or adjust, and start the

cycle again. The current system is structured on one-

way feedback—the instructor grading and inform-

ing the student what they do and do not know.

Without two-way feedback through which the stu-
dent can adjust and demonstrate they have closed

their knowledge gap, learning is severely crippled.

The fundamental idea of iteration (PDCA) is learn-

ing. Shoji Shiba, author of Four Practical Revolu-

tions in Management: Systems for Creating Unique

Organizational Capability, stated ‘‘To eschew

PDCA is not only arrogant; it is inefficient & often

ineffective.’’ [9]

This missing link in the current typical teaching

method has not gone unnoticed. The Teaching-

Learning Paradox: A Comparative Analysis of Col-

lege TeachingMethods, developed by the Center for

theAdvanced Study ofEducational Administration

at theUniversity ofOregon in 1968, called for future

research to explore teaching-learning models [10].

Barr and Tagg discussed the need for a shift from an

‘‘instruction’’ paradigm to a ‘‘learning paradigm’’ in

their 1995 articleFromTeaching to Learning:ANew

Paradigm for Undergraduate Education [11]. The

persistent question that remains is: How can this

be put into practice?

Perhaps the most notable work along the lines of

learning in education comes from Benjamin Bloom,

author of Bloom’s Taxonomy of Educational Objec-

tives. Bloom coined the phrases ‘‘learning for mas-

tery’’ and ‘‘mastery learning.’’ In mastery learning,
Bloom imagined that, in contrast to conventional

instruction, individual students would be helped (by

the instructor, peers, etc.) to master each learning

concept before proceeding to a more advanced

learning concept [12]. Putting Bloom’s work into

action, Eureka! Ranch founderDougHall is using a

‘‘cycles to mastery’’ approach, featuring the PDSA1

cycle, as the primary teaching method for under-
graduate minor courses in Innovation Engineering

at the University of Maine [13].

There is other minor evidence of the incorpora-

tion of the scientific method as a teaching method.

Some instructors have assigned A3 reports as a final

deliverable on projects, as opposed to more tradi-

tional research papers [14]. However, the efforts to

transform teaching into learning have largely been
incomplete, isolated, and/or not cohesive. This

article will discuss one approach that was imple-

mented in an undergraduate Industrial and Systems

Engineering course in an attempt to establish a

framework for a PDCA pedagogy. In the spirit of

practicing what is preached, the approach will be

presented in the form of the scientific PDCA

method.
Matsuo and Nakahara [15] studied the effects of

PDCA on workplace learning. Their results indi-

cated that PDCA had positive effects on workplace

learning. According to Chien [16], determining how

to enhance learning satisfaction has become an

important task for teachers. Carroll et al., [17]

used PDCA for self-assessment to improve pro-

cesses that affected educational learning outcomes.
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Fig. 1. The PDCA Cycle.

1 InnovationEngineeringTM uses thephrasePDSAexplicitly, thus
it was used here as such.



These are examples of using quality tools to impact

learning and improve teaching.

3. Presentation of analysis

3.1 The hypotheses of this research

The approach presented in this article was devel-

oped and used in an undergraduatework design and

operations management systems course in the

Industrial and Systems Engineering (ISE) depart-
ment at the University of Alabama in Huntsville.

The course occurred in the fall semester of 2014 and

consisted of 31 students. Approximately two-thirds

of the students were ISE majors and the remaining

third were Mechanical and Aerospace Engineering

(MAE) majors taking the course as an elective. The

grading for the course would place very little, if any,

emphasis on exams and a heavy focus on applied
assignments and case studies to be analyzed using

the PDCA cycle. The grading method would also

follow the PDCA cycle, allowing students to turn

assignments in multiple times with revisions based

on feedback and learning.

In addition to the PDCA cycle, the assignment

format also included a ‘‘reflection’’ section. The idea

for adding the reflection section was derived from
Kolb’smodel of experiential learning (shown inFig.

2). Kolb’s model is one of the most widely studied

models for adult learning. The experiential learning

cycle consists of four stages: abstract conceptualiza-

tion, active experimentation, concrete experience,

and reflective observation [18].

Reflective observation allows the ‘‘doer’’ to

pause, step away from the task at hand, review
what has been done, and relate to the experience on

a personal level. For students, the ability to relate

key course concepts to their personal life is impor-

tant because many of them do not have profes-

sional experience to which they can connect key

principles.

In applying the PDCA pedagogy as the primary

method of teaching this course, the following
hypotheses were developed:

� Knowledge retention of the key course concepts

will increase.

� Students’ confidence in using the tools and tech-
niques from classwill increase through repetition.

� Using the PDCA cycle to grade toward mastery

and learning will improve a participating stu-

dent’s performance by a full letter grade.

The published literature on the application of

PDCA to education is limited, but a couple of

applications that were found include Ruey, et. al.

[19] and Murphy [20].

3.2 Methodology used to test hypotheses

Thedelivery of the in-class portion of the coursewas

not significantly different than the way it has been

conducted in the past. Each key course concept was

covered via lecture, discussion, and a variety of

hands-on simulations and activities. However, the

way students were graded was altered significantly.

Fig. 3 shows a comparison of how the course was
graded in the fall of 2013 versus the grading system

derived for the new approach. While the categories

appear the same in Table 1, the details and formats

of each category changed considerably.

The Assignments category refers to assignments

that students are responsible for completing outside

of class. For both 2013 and 2014, assignments were

administered via the University’s online course
management system. In 2013, a homework assign-

ment or quizwas issued eachweek. Each assignment

was related to that week’s in-class material, and was

due before the next class (in this case, the course was

taught one day per week, thus each assignment was

to be completed in one week). Assignments were

graded in the traditional manner—the instructor

would grade and give feedback after the due date.
There were 12 total assignments, allowing students

to drop the lowest two scores. Assignments were

worth equal weight and made up 25% of the

students’ total grade.

For 2014, assignments were reformatted to reflect

the PDCA learning mindset. Eight assignments

were issued, covering the major concepts of the

course. In contrast to previous years, these assign-
ments were more intensive and abstract in nature.

The majority of the assignments were left open-
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Fig. 2. Kolb’s Experiential Learning Cycle.

Table 1. Comparison of Grading Schemes

Category Weight

Grade Category 2013 2014

Assignments 25% 50%

Exams 50% 30%

Case Study Project 25% 20%



ended, requiring the student to choose a process or

situation of their own on which to apply the con-

cepts. There was a new assignment for all non-exam

weeks, with the assignment again being related to

the most recent class. For some perspective, Table 2

shows sample assignments from the semester.

A standard format for assignment submissions
was created containing the following sections:

� PLAN—In this section, the instructor would
provide general information on the assignment

such as expected deliverables. The student would

provide background information on the process

or situation on which they chose to perform the

assignment, along with a hypothesis or target

condition for the process or situation.

� DO—this section is where the student supplies all

of the information on what they did to complete
the assignment. All supporting material such as

process maps, data tables, diagrams and other

informationwas to be attached to the assignment.

� CHECK—in this section, students share their

learning based on what they did. Guiding ques-

tions included ‘‘Did the implementation provide

results that you expected in your hypothesis?’’

and ‘‘What unexpected occurrences—both posi-
tive and negative—did you experience?’’

� ACT—this section required the student to recom-

mend next steps based onwhat they learned in the

check stage. They were to answer either ‘‘If the

process or situation improved, what needs to be

done to standardize and sustain?’’ or ‘‘If the

process or situation did not meet target condi-

tions, what should be the next plan?’’
� PERSONALREFLECTION—each assignment

ended with students articulating what they per-

sonally learned from the assignment. Common

thoughts expressed in this section included most

valuable things gained from the assignment, what

would be done differently if the assignment were

to be performed again, andhow the concept could

be leveraged to the students’ everyday life.

Under the new course format, students were

required to complete each assignment and were

not allowed to drop the lowest grade(s). However,

each assignment was given a 3-week due date and

students could turn the assignment in asmany times

as desired. After each submission, the instructor

would grade, provide feedback, and students were

allowed to adjust accordingly. InBloom’s terms, the
instructor and the student were working toward

mastery together. Each student’s grade for their

final submission was the only grade counted. Each

assignment was weighted equally and accounted for

50% of the total grade for the course.

In the fall semester of 2013, exams were adminis-

tered in the traditional manner. There was a mid-

termandafinal exam.Each examconsisted of 30–50
questionsmade up of amix ofmultiple choice, short

answer, calculations, and essay questions. The

exams were graded by the instructor and provided

to the student for review. Each exam was weighted

equally, and made up 50% of the students’ total

grade.

In 2014, under the new PDCA pedagogy, there

were no traditional exams. Instead, the ‘‘exam’’ days
in class were used in various ways as progress

checkpoints for the course. There were three

‘‘exams’’ that were spaced out equally throughout

the semester. Each exam was worth 10% of the

overall grade. The exams were designed to be

stress-free yet provoke deep thought and true reflec-

tion. The exams consisted of:

� Exam 1—Students provided an analysis of the

first third of the semester. The requirement was a

written reflection to be turned in; guiding ques-

tions were provided relative to most valuable

concept, concept that still needed clarification,

and thoughts on the PDCA assignment format.

Class time was spent with the instructor sharing

his learning from the first third of the semester,
and open discussion with students providing

feedback and suggestions on the course thus far.

� Exam 2—Two-thirds of the way through the

semester, there was noticeable improvement of

the students’ understanding and use of the PDCA

mindset. Exam 2 asked the students to research

and analyze two articles of their choice, given the

topicswere related to topics covered in the course.
The deliverable from the student was a summary

of the articles, analysis of what was found to be

the most useful concept covered in the articles,

examples of how that concept could be leveraged
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to the student’s everyday life, and a personal

reflection on the semester to that point.

� Exam 3—Exam 3 was the course’s ‘‘final exam.’’

Based on comments and suggestions throughout

the semester, the instructor himself used PDCA

and adjusted the plan based on student feedback.
Given the nature of the course, arrangements

were made to visit a local manufacturing facility.

The students were treated to a tour of the facility

and a presentation from the company’s top

management. For the deliverable from the stu-

dent, each performed an assessment of the opera-

tions noting evidence of concepts covered in the

course and areas where concepts were not present
but could be recommended. Again, the students

were also asked to provide a personal reflection

on the course as part of the final exam.

The case study assignment for this course is a term

project with the option for students towork alone or

in pairs. The final deliverable is a completed A3

report detailing an implemented tool or technique
from the course to improve an operation of their

choice. An A3 report, as mentioned previously, is a

standard communication medium used at Toyota

and other organizations to present information

concisely and visually while also reinforcing the

PDCA cycle. A3 is the international paper size

that is equivalent to a U.S. 1100 x 1700 page. The A3
report has been used for several years in this course
as the format for the case study deliverable. The A3

format forces the students to be able to articulate

and defend what was done on the project, as

opposed to simply burying the information and

data throughout a 20-page term paper. Fig. 3

shows the standard A3 template used for the case

study project.

While the format of the case study project did not

change fromprevious years (including the compara-

tive year of 2013), the grading methodology chan-

ged considerably. In the past, the case study projects

were turned in onA3 reports, but were graded in the

traditional one-way feedback manner. The projects
were due at the end of the semester, and were then

graded upon completion. In 2014, the case study A3

report was due in four phases throughout the

semester. Each phase was graded in the same

manner as the PDCA homework assignments, as

discussed previously. This allowed the problem

solver and author of the A3 report (the student)

and the mentor (the instructor) to provide two-way
communication throughout the project, as this is the

way PDCA and A3 learning was intended to func-

tion [21].

3.3 Results

The semester of experimentation, fall 2014, had 12

total assignments (8 homework, 4 case study) for
which the students could utilize the PDCA grading

format. Interestingly, although the students

received the idea of such a concept positively, the

traditional student mindset of turning assignments

in right at the due date continued to be the norm.

For the purpose of this study, a student’s assign-

ment submission needed to meet two requirements

to be fall into the group defined as utilizing the
PDCA format: (1) the assignment must have been

turned in before the designated cut-off date for

feedback, and (2) the assignment must have been

submitted multiple times utilizing the feedback

given. Overall, only 35% of all assignments met

the criteria of utilizing the new PDCA format as it

was intended. Table 3 shows the summary of

Nicholas Loyd and Sampson Gholston1264

Fig. 3. A3 Report Template.



assignments that took advantage of the PDCA
format.

3.3.1 Analysis of t-tests.

To determine if there was a significant increase in
level ofperformanceonassignments thatutilized the

PDCAgrading format, a series of two-sample t-tests

were conducted.For eachassignment andcase study

submission, a null hypothesis (H0) that the mean of

those who utilized the PDCA option (‘‘yes’’ group)

was equal to thegroupwhodidnot (‘‘no’’ group)was

proposed. Thus, a rejection of H0 would suggest

there is a significant difference in the level of perfor-
mance of the two groups. An alpha level of 0.05 was

used for this study, and the data was analyzed with

the statistical software SPSS. It is worth noting that

SPSS automatically adjusts the t-test to compensate

for unequal sample sizes and unequal variances

between the groups, if either or both were the case.

Table 4 shows a summary of the t-test results for

each assignment or case study submission.

As shown in Fig. 8, nine of the 12 assignments

show a significant difference in the grades of the

group who utilized the PDCA option versus the

group who did not. Of further note, the three
assignments that failed to reject the null hypothesis

were the only three assignments of the semester that

were ‘‘awareness’’ assignments rather than technical

assignments. These assignments were thought-

based and involved research and opinion, thus

virtually every submission received full credit. The

only submissions for these three assignments that

did not receive full credit were the very few thatwere
penalized for being late. All 9 of the other assign-

ments involved actual application of concepts from

the course.

3.3.2 Analysis of post-semester survey

While the hypothesis of improved performance was

measurable, the other two hypotheses—increase in

retained learnings and increase in confidence in

application of the concepts—were more subjective

by nature. To gain some insight on these hypoth-

eses, a short surveywas created and sent out to all 31
members of the class. The survey was sent out one

month after the conclusion of the semester and

consisted of three statements:

1. The PDCA assignment format for ISE 324

allowed me to retain learning (key concepts

and tools) more effectively than traditional

formats.

2. The PDCA assignment format increased my
confidence in the application of the concepts

and toolsmore effectively thanmore traditional

formats.

3. Experience gained from the PDCA format of

the class will (or has) significantly benefit my

engineering career.
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Table 3. Summary of Submissions

Yes No

Assignment 1 17 14

Assignment 2 15 16

Assignment 3 13 18

Assignment 4 14 17

Assignment 5 10 21

Assignment 6 8 23

Assignment 7 9 22

Assignment 8 10 21

Case study I 13 18

Case study II 10 20

Case study III 5 26

Case study IV 8 23

% Yes 35.5%

Table 4. Summary of t-Tests



The survey used a 5-point scale, where 5 =

‘‘absolutely agree’’, 4 = ‘‘somewhat agree’’, 3 =

‘‘neutral’’, 2 = ‘‘somewhat disagree’’, and 1 =
‘‘absolutely disagree’’. Of the 31 students, 18 com-

pleted the survey (a 58% response rate). Table 5

shows a summary of the survey results.

4. Discussion of results

Based on the results of the t-tests, it can be con-

cluded that,with over 95%confidence, studentswho

utilized the PDCA feedback and multiple submis-
sion method scored higher than those who did not.

The ‘‘delta’’ column in Exhibit 8 shows the differ-

ence in the average grades between the two groups

for each assignment and overall. When omitting the

‘‘awareness’’ assignments with no significant differ-

ence, the average difference in grades is 10.5 points.

This differencemeets the target condition of increas-

ing a student’s score by a full letter grade using the
PDCA grading format. While this study was clearly

limited to one course during one semester with only

31 students, the statistically significant results are

encouraging enough to pursue further research on

this topic.

Based on the results of the survey, there is

evidence that those students who utilized the

PDCA grading option experience an increase in
both the retention of learning from the course and

increased confidence in the application of the course

concepts. This evidence supports the two subjective

hypotheses set forth by this study. Additionally, a

largemajority of the respondents feel the experience

with the course format will benefit their engineering

career. As a side note, independent of the survey,

there were two students who credited the course for
job offers received based largely on the knowledge,

skills, and abilities gained from the PDCA format.

5. Conclusions

5.1 Recommendations

Based on the study put forth in this article, it can

suggested that the PDCA pedagogy—one which

emphasizes the act/adjust stage through two-way

feedback along with teaching and learning toward

mastery—can result in significant increases in stu-

dents’ performance, learning retention, and confi-

dence in application. However, there is still much to

be studied and explored on this topic.
One glaring concern over this method is the

increased effort required by the instructor relative

to grading multiple submissions. At times having to

grade 35% more submissions became laborious

compared to if the class was performed in the

traditional manner. This could create a critical

limitation on class sizes for which this method

could be applicable. A potential way to alleviate
this constraint could be to create a critical mass of

PDCA mentors and graders within the department

or college. Graduate teaching assistants and teacher

aides would be ideal candidates to be trained in

grading using the PDCA methodology. Not only

would this increase capacity, it could create a

synergy across all instructors and courses for the

entire program.
Another potential issue with the PDCA grading

methodology is the grading standard. The instruc-

tor in this course realized after the first assignment

that it is important to develop criteria-based evalua-

tion standards and grading rubrics so that students

who turn assignments in early are graded to the

same standard as those who do not. While sub-

jectivity is an issue with many grading methodolo-
gies, an additional source of variation could exist in

the PDCA method—grading submissions utilizing

PDCA either more harshly or more leniently than

the submissions that are only turned in once. The

creation of criteria-based standards for grading

would not only address the issue of subjectivity,

but could also assist in addressing the ease of

training other instructors or assistants to increase
PDCA grading capacity.

An area of uncertainty exists in the applicability

of the PDCA pedagogy beyond the fields of science

and engineering. Would a method rooted in the

scientific method be as effective or effective at all,

in non-scientific fields of study such as art, history,

or foreign language? One might suggest that the

science in this method is not in the topic being
taught, but in the act of teaching itself. This area

was outside the scope of this study, but certainly

lends itself to curiosity.

5.2 Areas for further study

While this article presents evidence that the PDCA

pedagogy can be more effective than traditional
methods, the study only covered one course,

during one semester, with just 31 students being

affected. This method will definitely be refined and

used again by the instructor for this course in the
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future. However, further investigation is desired on

the effectiveness of the method in other courses

within the field of study, by other instructors, and

in other fields of study.

The real retention of learning by the students

from this semester will not be able to be measured
for some time. As these students complete their

studies and pursue their professional careers, it

would be interesting to learn how much effect this

teaching and learning style truly has. Follow up and

analysis on these students and others who experi-

ence the PDCA pedagogy in the future would go a

longway in understanding if putting the ‘‘act’’ of the

plan-do-check-act cycle into action could revolutio-
nize how college students learn.

References

1. A. Elshorbagy and D. Schonwetter, Engineer Morphing:
Bridging the Gap between Classroom Teaching and the
Engineering Profession, International Journal of Engineering
Education, 18(3), 2002, pp. 295–300.

2. M. P.Wnuk, The Joy of Learning:Are EducationalReforms
Needed?, 55th Annual Meeting of American Society of
Engineering Education, Mankato, MN, 1993.

3. C. L.Magee, Needs and Possibilities for Engineering Educa-
tion: One Industrial/Academic Perspective, International
Journal of Engineering Education, 20(3), 2004, pp. 341–352.

4. R. D. Moen and C. L. Norman, Circling Back, Qual. Contr.
Appl. Stat., (56), 2011, pp. 265–266.

5. J.K.Liker,TheToyotaWay: 14ManagementPrinciples from
the World’s Greatest Manufacturer, McGraw-Hill, New
York, 2004.

6. S. Spear andH.K. Bowen,Decoding theDNAof the Toyota
Production System, Harvard Business Review, September-
October), 1999.

7. D. K. Sobek and A. Smalley,Understanding A3 Thinking : A

Critical Component of Toyota’s Pdca Management System,
CRC Press, Boca Raton, 2008.

8. P.Dennis,Getting theRightThingsDone:ALeader’sGuide to
Planning and Execution, Lean Enterprise Institute, 2006, pp.

9. A. Graham, S. Shiba and D.Walden, Four Practical Revolu-
tions inManagement: Systems for CreatingUniqueOrganiza-
tional Capability, CRC Press, 2001.

10. R. Dubin and T. C. Taveggia, The Teaching-Learning
Paradox: A Comparative Analysis of College Teaching
Methods, 1968.

11. R. B. Barr and J. Tagg, FromTeaching to Learning—aNew
Paradigm forUndergraduateEducation,Change:Themaga-
zine of higher learning, 27(6), 1995, pp. 12–26.

12. B. S. Bloom, G. F.Madaus and J. T. Hastings, Evaluation to
Improve Learning, McGraw-Hill, New York, 1981.

13. D. Hall, innovationengineering.org, January 2015.
14. N. Loyd, G. A. Harris and L. Blanchard, Integration of A3

Thinking as an Academic Communication Standard, IIE
Annual Conference. Proceedings, 2010, p. 1.

15. M. Matsuo and J. Nakahara, The Effects of the Pdca Cycle
andOjt onWorkplace Learning,The International Journal of
Human Resource Management, 24(1), 2013. pp. 195–207.

16. 16. T.-K. Chien, Using the Learning Satisfaction Improving
Model toEnhance theTeachingQuality,Quality assurance in
Education, 15(2), 2007, pp. 192–214.

17. V. S.Carroll,G.Thomas andD.DeWolff,AcademicQuality
Improvement Program:UsingQuality Improvement as Tool
for the Accreditation of Nursing Education, Quality Man-
agement in Healthcare, 15(4), 2006, pp. 291–295.

18. D. A. Kolb, Experiential Learning: Experience as the Source
of Learning and Development, Prentice-Hall, Englewood
Cliffs, N.J., 1984.

19. 19. Shieh, J. J. Lyu and Y.-Y. Cheng, Implementation of the
Harvard Case Method through a Plan–Do–Check–Act Fra-
mework in aUniversity Course, Innovations in Education and
Teaching International, 49(2), 2012, pp. 149–160.

20. J. I. Murphy, Using Plan Do Study Act to Transform a
SimulationCenter,Clinical Simulation inNursing, 9(7), 2013,
pp. e257–e264.

21. J. Shook, Managing to Learn: Using the A3 Management
Process to Solve Problems, Gain Agreement, Mentor and
Lead, Lean Enterprise Institute, Cambridge, MA, 2008.

Nicholas Loyd is a Ph. D. candidate at the University of Alabama in Huntsville in the field of Industrial Engineering. He

also received his M.S.E in Engineering Management and his B.S.E in Industrial and Systems Engineering from the

University ofAlabama inHuntsville.He is currently the director of theCenter forManagement andEconomicResearch at

theUniversity ofAlabama inHuntsville; he is also director of theHuntsville center of theAlabamaTechnologyNetwork, a

part of NIST’s Manufacturing Extension Partnership. He has over 15 years of experience as an engineer, production and

operations system facilitator, and management consultant. Additionally, he has over 10 years of teaching experience in

both the College of Business and College of Engineering in the fields of operations management and operations system

design. Nicholas is a certified Six Sigma black belt, certified Innovation Engineering black belt, and a certified Lean

Enterprise practitioner and instructor by both the National Institute of Standards and Technology (NIST) and MIT’s

Lean Advancement Initiative. For fun, Nicholas is brown belt in Brazilian Jiu Jitsu and an avid volunteer for multiple

bulldog rescue organizations.

Sampson Gholston, Ph. D., is an Associate Professor in the department of Industrial and Systems Engineering and

Engineering Management at The University of Alabama in Huntsville. His area of research includes applied statistics,

quality engineering, lean six sigma application, and organization performance improvement. He is a lean six sigmaMaster

Black Belt and a Performance Excellence Award Examiner.

Implementation of a Plan-Do-Check-Act Pedagogy in Industrial Engineering Education 1267


