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Abstract. This research discusses how lecturers in an Irish university transferred
their classroom-based blended learning Lean Six Sigma modules to online delivery.
The transfer from a practical classroom environment to an online classroom needed
to be seamless in the students Lean active learning experiences. The output of the
paper is to discuss the designing of appropriate delivery methods and practical
examples, games, scenarios, exercises in a flipped online classroom. Problem-based
learning is ideal for teaching lean manufacturing, driven by a problem-solving
culture that values learning as a critical output. The design of a “practical problem
based ” online Kaizen utilising the virtual classroom as an obeya room enabled
students to learn Lean Six Sigma tools and practically deploy the tools. Qualitative
and quantitative measures were deployed to assess the success of the transition.

Keywords: Digitalisation, Lean, Online delivery, University teaching, Obeya, Virtual
Kaizen; Lean Education; Flipped classroom

1 Introduction

The digital era encourages the use of Information Technology (IT) in the
education sector [1]. However, due to the COVID-19 pandemic, most
educational institutions across the world have moved their teaching online
and put their efforts into preparing online distance education to ensure
learning and teaching continued uninterrupted [2]. The COVID-19 pandemic
brought significant disruption to classroom-based learning and activities.
Before COVID-19, Lean was taught to university students via classroom games
and activities and practical exercises. Large classrooms with plenty of wall
space for “paper” based exercises and containing several whiteboards meant
Lean training could be delivered to up to 30 students at a time in a practical
and blended manner. Problem-based learning focuses on small groups using
authentic problems to help participants obtain knowledge and problem-
solving skills. This approach makes problem-based learning ideal for teaching
lean manufacturing, driven by a culture of problem-solving that values
learning as one key output of manufacturing production[3].

This blended delivery mode helped replicate core concepts of LSS training the
application of brainstorming, aided teamwork and aided replication of a
fundamental organisational problem-solving environment [4]. In addition,
blended learning can help students assimilate more quickly to online
environments [5].

Transferring Lean education online or digitalising is not straightforward. The
highly interactive nature of LSS education within the student peer group and
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with the lecturer or facilitator needed tobe replicated. This replication needed
to ensure that the quality of learning, the qualitative student learning
experience and even the academic quantitative results obtained were not
adversely affected. In ramping up the university capacity to teach remotely,
schools and colleges took advantage of asynchronous learning, which works
bestin digital formats. Online teaching should include varied assignmentsand
design student assessments at first to help teachers focus [6].
The goal of this researchis a case study on developing a userfriendly, virtual
learning environment wherein the students studying Lean would be able to
applyleantoolsin a case study game format in a hypothetical manufacturing
facility. The purpose is to educate and acquaint students with real-life
problems in an organisation based on real-life scenarios. Furthermore, the
students would implement lean tools in a virtual setting, thus fostering the
students' development through active learning and improving students'
learning, motivation, and retention [7]. This paper explains the main
challenges, assignment design, and the integration of various lean tools
incorporated in the virtual classroom.
Thus the summary of the research questions are:
e How can Lean Six Sigma education be transferred to the online
classroom to emulate the physical classroom?
e How can the quality of learning, understanding and student
experience ofthe methods be assured, applied and measured?
e What were the challenges and the pros and cons of virtual online
classroom delivery versus a physical classroom?

2. Literature Review

Lean today has changed from its origin as a manufacturing methodology to an
ideology that ties in all aspects of the organisation and can be deployed in
services, healthcare, financial organisations. This demands engineers and
practitioners with lean, solid basics. Therefore, it is essential to know about the
lean tools, but it is even more critical to understand how to apply these tools
most effectively [7].

Today's engineering education requires a curriculum that allows students to
utilise and learn of the latest technologies[8]. Irrespective ofthe pros and cons
of virtual online delivery, which have been discussed by many authors [9], [10],
the COVID -19 pandemic meant the only option available to deliver modules
was online.

The online delivery format's perspective does not affect student learning
outcomes, dubbed the "no-significant-difference" perspective [11]. However,
Gillespie (1998) [12] put forward that online learning tasks should be designed
to help learners develop higher-level thinking skills and evaluate their
understanding, mediated by sharing ideas and problems with the content using
interactive orcollaborative online formats.

Research has shown that “flipped” classroom scores higher than a
conventional, lecture-oriented set up on the following criteria: student
involvement, task orientation, and innovation and promoting collaborative
learning [4]. Thus there is a need to structure the learning tasks to fruition of a
flipped classroom exercise, albeit if a virtual one. This approach can be taken
with Lean teaching as the methodology requires practical tools and skillset
application [3].

Problem-based learning (PBL), active learning, blended learning, flipped
learning, and Simulation & Gaming are experiential learning formats. These
approaches are all conducive to teaching Lean. Moreover, a PBL approach is
more involving and enjoyablethan more traditional approachesaslearning is



active[2],[13].

Literature on teaching Lean virtually or in a flipped classroom is not as
prevalent as the giant body of research and journals related to online teaching
in general. However, thelearnings around online teaching methods can most
certainly be leveraged somewhat and applied to Lean teaching in a virtual
environment. However, there are still many related studies of online Lean
education and virtual industry-based Kaizen events [14], [15], [7], [16],[17],
with more studies published onlean teaching and virtual kaizen events since
the COVID-19 pandemic. In addition, a sense of community is central to
student engagement and satisfaction in a virtual classroom, and breakout
rooms help develop a sense of community[18].

Simulation has been very much presented as a best practice for online Lean
virtual events and teaching[19],[3],[20], [21]. However, the simulation
software available may not always be relevant and does not allow tailoring to
lecturerdesigned case studies and applications. In addition, the design of the
simulation exercise and practical implementation and learning may take time
thatis not available.It is also expensive to purchaseand develop.

Lean Six Sigma techniques and tools are considered the cornerstones for
eliminating wasteare thus referred to as “Kaizen building blocks”[22]. A Lean
training, approach, deployment, education can begin by implementing basic
Lean and Six Sigma techniques and tools such as 5S, Kaizen teams,
standardisation and elimination of waste (Muda), unevenness ( muri) and
overburdeness (Mura) in working processes ([23], [15]). Lean Six Sigma
thinking evolves towards more complex techniques and tools that are
considered to be part of Lean thinking, such as just-in-time (JIT)
manufacturing), Kanban setup, poka-yoke (error-proofing), single minute
exchange of dies (SMED), and Hejunka (levelling production) [7]. Given this,
the research suggeststhatlearning about Lean within a virtual classroom can
aid thislearning, application and understanding about LSS.

3. Methodology
3.1 Development of online Lean learning module

This section of the paper describes the main case study Kaizen assignment,
which was developed as a series of Lean and Six Sigma exercisesthatcould be
carried out in the virtual classroom, which became the online “kaizen”room or
“obeya” (Table 1).

The Kaizen room or obeya room, a potent tool for facilitating teamwork and
better managing projects, was considered the "control centre" to deploy the
Lean training and learning [24].

The students in the university have not worked in a manufacturing
environment whatsoever and were not familiar with Lean or operations.
However, as postgraduate students, online delivery is more amenable to these
learners as they generally have greaterself-regulation and acquiring learning
strategies and can adjust to online environments relatively quickly[5, 25].

This assignment, or "kaizen" as it was framed, is based on a theoretical
company called “ABC Manufacturing” who produce and deliver sandwiches
and are arguably a “service” industry also. “Sandwiches” were picked as a
product as opposed to “widgets” or other products as they are uncomplicated
and straightforward to make, and students are familiar with them and their
“components”. The Kaizen case study was designed to present the worst-case
scenarioor demonstrate an ineffective, poorly managed organisation with poor
productivity, high defect rates, late deliveries, extensive customercomplaints,



poor communication, poor leadership and other inefficiencies. The online
Kaizen needed to emulate the active and blended classroom learning
environment and an organisational environment of brainstorming, huddles,
teamwork and practical completion of process maps, value stream maps, cause
and effects via collaboration. Lean Engineering Education calls for both
content and competency mastery,and this assignmentwas designed to provide
opportunities to demonstrate these competencies. This combination is
necessary for professional engineering career success[17].

The case study game given to the students contained information about the
company performance and some background concerning key performance
indicators (KPTI’s). In addition, an explanation is given of how orders are
received, processed and downloaded onto the manufacturing floor, details of
the supply chain procurement process, incoming receiving, warehousing,
production, shipping, and delivery. The students carry out the following
activities are outlinedin Table 1.

Table 1: Lean Principles and Concepts explored and applied within the virtual
Kaizen online obeya classroom.

Lean/Six SigmaTools Utilised and taughtand
applied in Online Kaizen Classroom.

SMART problem statement

The students were given enough information to develop a
problemstatementand setgoals and objectives for the
kaizen activity.

Key Performance Indicator (KPI) Scorecard

Studentswere given a suite of data and performance
measuresrelated to Productivity, Delivery, Quality and
Cost.

Non-Value Add wastes

Several Lean wastes are presented within the case study for
the student toidentify (more than 30 examplesof the 8
Lean Wastes were contained therein.

Value Stream Mapping and Takt time

Based onthe case study information, they were asked to
identify non-value wastes and potential areas which could
be causing problems. Finally, takttime was to be
established based on the VSM and data provided.

Pull and Flow principles.

Studentswere asked to look at the process and ascertain
where pull and flow were lacking and where they could be
improved.

Check sheets, Histograms, Pareto, Control Charts.

Data was provided to enable students toutilise and learn
about essential quality management tools.

Poke Yoke

an example of processerrorsin the case study was
presented, and students asked to error-proof the process

5S

students were given samples of untidiness with the




organisation inthe warehouse, production floor,and
offices; they were then asked to state how they would carry
out a 5Sbased on their information. They were asked to
develop a 5S audit template.

Hejunka

students were given examples of inadequate flow and
unevenness within the order scheduling process and within
the outgoing shipping process and asked to brainstorm how
theywould improve it using Hejunka to implement
evenness.

Cause & Effectdiagrams

To root cause issues identified throughoutthe Kaizen,
students were encouraged to apply the C&E diagramto 2
problems; 1) Reasons for deliveries taking up to 5 hours
and 2) reasonsforhigh defect rates and complaints.

5 Whys

Studentswere asked to utilise and apply the 5 Whys toolsto
develop a root cause further and identify corrective actions
for identified issues within the C&E process.

Future State Value Stream Map

Studentswere asked to brainstorm and design a new future
VSM with improvements in flow, pull and waste reduction
and new Takt times.

New KPI Scorecard

Students estimated how changes and actionsimplemented
had affected the original KPI metrics.

Reflection & Kaizen Closeout

Students asked to reflect on Lean and methods and how
tools helped.

3.2 The Virtual Obeya Kaizen Room

The virtual learning environment (VLE) platform utilised was Blackboard
which is the university VLE of choice as shown in Figure 1. Withinthe virtual
classroom, students were divided into breakout rooms. The breakroom
exercises followed a DMAIC problem-solving approach so that each breakout
room exercise built on to the previous activity and task. Within the breakout
rooms, the lecturer could recreate the teamwork and brainstorming aspects of
Lean in the workplace and physical classroom. To evaluate and ensure
learning, the lecturer moved between breakout rooms to chat withand advise
the students. Each breakout room team had control of the screen and
whiteboard, so students could brainstorm and apply Lean tools to aid problem-
solving. After each activity, the lecturer would bring the teams back into the
virtual classroom, and each group would present their progress. The
presentation of progress was essential to ensure that the exercise was
understood and provide feedback tothe students, and shareideas within the
class. The lecturer presented some theory and background toeach Lean tool or
practice and various Lean principles before commencing with the next
breakout room exercise.
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Figure 1: Screenshot of basic online breakout rooms

4.0 Results

In this research, postgraduate students applied Lean Six Sigma tools such as
Value Stream Mapping (VSM), 5S, Visual Management, Single Minute
Exchange of Dies (SMED), Kanban, Plan-Do-Check-Act (PDCA), DMAIC,
process and effect, 5Whys, pores mapping, poke yoke, JIT and Kanban
amongst others (Table 2). They developed the project or case study virtual
kaizenintegrated intoteams, as pera problem-based learning, active learning
and obeya system situation asifthey had beenin a flipped physical university
classroom. In each instance, the students submitted with their groups
(alternating in presenting). This helps provide instruction from the lecturer,
validated thelearnings,and gives both positive and constructive feedback [26].

Results from the blended learning classroom Lean teaching in previous years
were compared qualitatively and quantitatively with the virtual classroom Lean
cohorts. Students always performed very highly in the blended flipped
classroom kaizen assignments, and the virtual classroom results emulated
previous cohorts. Qualitative feedback forms completed by the students
measured on a Likert scale were very favourable compared to prior years,
which were university campus classroom-based. A satisfaction mean average of
4 out of 5 was achieved in comparing both cohorts. Students have completed
some university classroom-based continuous improvementsworkshops before
the COVID-19 lockdown so that we're able to reach the flipped classroom
experiences.

Some of the commentary selected from the students was as follows:

" I enjoyed how some of us came up with so many different solutions", "I
enjoyed the scenario -it felt real”, "and "I didn't feel as if I was in a lecture -as
Twas busy, active and learning".

Students also highlighted critical thinking, enjoyability and teamwork
interaction. "Confidence" was arepeated theme, as was "I can usethese tools",
"I understand the tools", and "Lean is not hard".



Table 2: How Lean Principles and Concept Learning was applied,
demonstrated, shared and reviewed within the virtual Kaizen online obeya
classroom

(Note: All screenshot images are taken from examples of online screenshots and uploaded online submissions of

studentwork shared during the online Kaizen)

Lean/Six SigmaTools
Utilised and taughtin
Online Kaizen Classroom

Learning
demonstrated and
deployed in Virtual
Classroom
BREAKOUT ROOMS

Review, Sharing & Feedback in Virtual Classrooms

SMART problem
statement

The students were given
enough information to develop

Students collaboratein
the online classroomto
develop a problem

From a manufacturing point of view, ABC Sandwich Company’s operations team has the
capacity to produce 3 units/hour, with a TAKT time of 4 units per hour meaning that they
are not meeting customer demand. This LSS project will aim to meet customer demand

by reducing process cycle time in manufacturing by 50% from 20 minutes to 10 minutes

a problem statementand set statementand setgoals per sandwich within three months by the end of quarter 3.
goals and objectives forthe and objectives for the
kaizenactivity. kaizen activity. Lecturer & Peer Reviewin the online classroom
Key Performance Key Performance Indicator <
Indicator (KPI) Scorecard Freesss cyels Time
Students collaborated et
Studentswere given a suite of and developed a KPI
data and performance scorecard based on the
measuresrelated to information given. eI s —
- ; . Pstorme et
Productivity, Delivery, Quality
and Cost. Lecturer & Peer Reviewin the online classroom
Process Mapping Students collaborated
and designed a"Current" e
StUdents were aSked to draw a Process FlOW. CUStOmer orders
process map based on the steps 1!1_:@1«
3 3 ursgay|
outlined in the case study. d
Lecturer & Peer Reviewin the online classroom
Non-Value Add wastes Studentsbrainstormed Waste Example
and pre sented all of the Transportation + Timeand effort spent transporting product between three
Several Lean wastes are 8thwaste types observed stations in the manufacture of one unit but do not add value to
presented within the case study in the case study. the ustorner
for the student to identify v Over handling of materials leading to damage of product
(more than 30 examp]es of the Inventory v Raw materials that are not used by their expiry date

8 Lean Wastes were contained

Lecturer & Peer Reviewin the online classroom

therein.
Value Stream Mapping The students worked on
and Takttime creating a VSM within the
classroombreakout
Based onthe case study rooms utilising a virtual
information, the students were whiteboard. Students

askedtoi dentify non-value P resented a virtual VSM
wastes and potential areas and takttime

which could be causing calculations. ABC As Is Procoss Flow

problems. Finally, takt time
was to be established based on
the VSM and data provided.

=]
lo 4]

Lecturer & Peer Reviewin the online classroom




Pull and Flow principles. Studentsbrainstormed
idea onpull and flow Select Cheese and
Studentswere asked to look at improgement and — > Select Bread and Buter Flace in Bread
. o/ o
the processand ascertain presented inthe online
where pull and flow were classroom. L P ;
lacking and where they could ecturer & Peer Reviewin the online classroom
be improved.
Check sheets, Histograms, Students presented _ Pareto Chartof Complaint Categry
Pareto, Control Charts. examples oftool = . . i
applications and H = «f
Data was provided to enable learnings. : “ T—‘ %
students to utilise and learn ol - I -
about essential quality o o e
management tools.
JIT & Kanban Studentsbrainstormed e
where Kanban and JIT
Justin Time and Kanban maybe utilised in the
explained, opportunities were case study. ‘
presented within the case study T
to explain the theory. I
Lecturer & Peer Reviewin the online classroom
Poke Yoke Students gave examples

an example of processerrorsin
the case study was presented,

of error proofing about
the issuespresented

\Q/

One-Owner
and students asked to error-
proof the process
Elimination of manual order entry — real-time E-orders
__ Production Control | E-Orders ]
E:Zf.;m::ff e———"Sandwich Order__——— Customer
anufacturing —
Suparvisor —
Lecturer & Peer Reviewin the online classroom
5S Studentspresented a 55 ikl
programand 5S audit.
Students were given examples
of untidiness with the
organisationinthe warehouse,
production floor and offices;
theywere then asked tostate
how theywould carryouta5S
based ontheinformation they
had. Finally, they were asked to _— .
1naty, ey wi Lecturer & Peer Reviewin the online classroom
develop a 58 audit template.
Hejunka Students presented where
_ Hejunkawasrequired |, OCrpack Operating table
Stude ntswere given examples and how it could be I IsEndw.:h d\'rectmnl
of inadequate flow and utilised. _
unevenness within the order [ee ) Y
scheduling process and within / /
the outgoing shipping process op1 op2 ops
and asked to brainstorm how )
theywould improve it using Lecturer & Peer Reviewin the online classroom
Hejunkato implement
evenness.
SMED Students presented S L.
SMED opportunitiesin
Students give examples of slow the customer ordering - ‘ —
turnarounds and,inline with processes and within the

5S examples, brainstormed

production line.




where SMED could be applied.

Lecturer & Peer Reviewin the online classroom

Cause & Effectdiagrams Students presented C&E - I |
diagramsand how they o =
Toroot causeissues identified | applied cause screening S =
throughout the Kaizen, to the issues identified in =
students were encouraged to the cause and effect and
applythe C&E diagramto 2 prioritised the issues
problems; 1) Reasons for based ona high, medium,
deliveries taking up to 5 hours and low potential for Lecturer & Peer Reviewin the online classroom
and 2) reasonsforhigh defect causing problems and
rates and complaints. fixing,
1 1. Why are the box labels being put on incorrectly?
5 WhyS 5 Whys sce na.nos Operators placing incorrect label on product boxes i.e. mixing up labe! for secondary and
presented for various root lertiary packaging
Studentswere asked to utilise causes 2. Why are operators mislabeling boxes?
They are mixing up the labels that are required for each stage of the packaging process
and apply the 5 Whys tools to . wn ©
y are they mixing up labels?
deve]op a root cause further Labels are not always legible and can be difficult to read
. . . . . Why?
anq lden.Ufy cprre CtIV? a(:}thl’lS Issues with printing equipment and staff skills using the equipment
for identified issues within the 5. Why?
C&E pI'OCCSS Staff have not received adequate training and machines are not being maintained adequately
Solution: Staff training and starting a routing maintenance schedule for equipment including
label printer
Lecturer & Peer Reviewin the online classroom
Future State Value Stream Future VSM with

Map

Studentswere asked to
brainstorm and design a new
future VSM with
improvements in flow, pull and
waste reduction and new Takt

improvements presented

times.
Lecturer & Peer Reviewin the online classroom
New KPI Scorecard New KPIscorecard Table 7. Estimated score card for target KPIs 6 months after completion of LSS project
. presented with Process/KPI | Improvements Made Before | Results
Students eStlmate’_i how justification for reducing Process - Changestolinelayout | 20 minutes per unit | 10 minutes/unit and 1
. changesand actions costs, quality defects, Cycle Time Reduction of production | and 2 minutes setup | minute line clearance
imple Ipe_nted had affe(,:ted the improved delivery, etc. Stations from 3t0 2 time/unit between units
original KPI metrics. Oneplece flow
Lecturer & Peer Reviewin the online classroom
Reflection & Kaizen Reflectiondiscussion and
Closeout Kaizen close outheld.

Studentsasked to reflect on
Lean and methodsand how
tools helped.

Congratulations to Team.

Lecturer & Peer Reviewin the online classroom




5.0 Discussion & Conclusion

The effectiveness of the virtual delivery training was confirmed through
feedback from over100 learners. The research results aim todemonstrate the
learning to practical examples and scenario learning due to the relatively
simple design of the problem under study. The course evaluations of the
learners rated the course 4.5 out of 5 stars. The quality and standard of the
delivery ensured the learning was appliable, with 98% of learners reporting
that they will apply the new skillslearned and felt competent in using Lean Six
Sigma tools and applications.

In any form of education, it isimportant touse a suitable learning environment
for the intended purpose of the training, the education, and forthe participant
group and online to provide that environment if designed correctly.
Particularly with Lean education, where the is a suite of tools and techniques
associated with the methodology, the above statementis true.

Lean students are the future professionalsof organisations, and theirlearning
must be aligned with industry and society needs. Being taught in Lean
education, in the form proposed by this paper, students will develop
competencies and will have the ability to meet problem-solving and tool
applications to a high degree of complexity and application. While simulation
type software and Virtual Reality (VR) would be helpful and enhance future
online lean, learning was a limitation in terms of time to include in this case
study[21]. The authorwould like to expand the usage of these technologies for
future online lean virtual education. An ultimate aim would be to simulate a
complete virtual manufacturing process. This would give the students even
more insightintothe dependence oflean (especiallyJIT) on the supply chain
and logistics.
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	Lean/Six Sigma Tools Utilised and taught and applied in Online Kaizen Classroom.
	SMART problem statement
	The students were given enough information to develop a problem statement and set goals and objectives for the kaizen activity.
	Key Performance Indicator (KPI) Scorecard
	Students were given a suite of data and performance measures related to Productivity, Delivery, Quality and Cost.
	Non-Value Add wastes
	Several Lean wastes are presented within the case study for the student to identify (more than 30 examples of the 8 Lean Wastes were contained therein.
	Value Stream Mapping and Takt time
	Based on the case study information, they were asked to identify non-value wastes and potential areas which could be causing problems. Finally, takt time was to be established based on the VSM and data provided.
	Pull and Flow principles.
	Students were asked to look at the process and ascertain where pull and flow were lacking and where they could be improved.
	Check sheets, Histograms, Pareto, Control Charts.
	Data was provided to enable students to utilise and learn about essential quality management tools.
	Poke Yoke
	an example of process errors in the case study was presented, and students asked to error-proof the process
	5S
	students were given samples of untidiness with the organisation in the warehouse, production floor, and offices; they were then asked to state how they would carry out a 5S based on their information. They were asked to develop a 5S audit template.
	Hejunka
	students were given examples of inadequate flow and unevenness within the order scheduling process and within the outgoing shipping process and asked to brainstorm how they would improve it using Hejunka to implement evenness.
	Cause & Effect diagrams
	To root cause issues identified throughout the Kaizen, students were encouraged to apply the C&E diagram to 2 problems; 1) Reasons for deliveries taking up to 5 hours and 2) reasons for high defect rates and complaints.
	5 Whys
	Students were asked to utilise and apply the 5 Whys tools to develop a root cause further and identify corrective actions for identified issues within the C&E process.
	Future State Value Stream Map
	Students were asked to brainstorm and design a new future VSM with improvements in flow, pull and waste reduction and new Takt times.
	New KPI Scorecard
	Students estimated how changes and actions implemented had affected the original KPI metrics. 
	Reflection & Kaizen Closeout
	Students asked to reflect on Lean and methods and how tools helped.
	Review, Sharing & Feedback in Virtual Classrooms 
	Learning demonstrated and deployed in Virtual Classroom BREAKOUT ROOMS
	Lean/Six Sigma Tools Utilised and taught in Online Kaizen Classroom
	SMART problem statement
	Students collaborate in the online classroom to develop a problem statement and set goals and objectives for the kaizen activity.
	The students were given enough information to develop a problem statement and set goals and objectives for the kaizen activity.
	/
	Lecturer & Peer Review in the online classroom
	Key Performance Indicator (KPI) Scorecard
	Students collaborated and developed a KPI scorecard based on the information given.
	Students were given a suite of data and performance measures related to Productivity, Delivery, Quality and Cost.
	/
	Lecturer & Peer Review in the online classroom
	Students collaborated and designed a "Current" Process Flow. 
	Process Mapping
	Students were asked to draw a process map based on the steps outlined in the case study.
	/
	Lecturer & Peer Review in the online classroom
	Students brainstormed and presented all of the 8th waste types observed in the case study.
	Non-Value Add wastes
	Several Lean wastes are presented within the case study for the student to identify (more than 30 examples of the 8 Lean Wastes were contained therein.
	/ 
	Lecturer & Peer Review in the online classroom
	The students worked on creating a VSM within the classroom breakout rooms utilising a virtual whiteboard. Students presented a virtual VSM and takt time calculations.
	Value Stream Mapping and Takt time
	Based on the case study information, the students were asked to identify non-value wastes and potential areas which could be causing problems. Finally, takt time was to be established based on the VSM and data provided.
	/
	/
	Lecturer & Peer Review in the online classroom
	Students brainstormed idea on pull and flow improvement and presented in the online classroom.
	Pull and Flow principles.
	Students were asked to look at the process and ascertain where pull and flow were lacking and where they could be improved.
	/
	Lecturer & Peer Review in the online classroom
	Students presented examples of tool applications and learnings.
	Check sheets, Histograms, Pareto, Control Charts.
	Data was provided to enable students to utilise and learn about essential quality management tools.
	Students brainstormed where Kanban and JIT may be utilised in the case study.
	JIT & Kanban
	Just in Time and Kanban explained, opportunities were presented within the case study to explain the theory.
	/ /
	Lecturer & Peer Review in the online classroom
	Students gave examples of error proofing about the issues presented
	Poke Yoke
	an example of process errors in the case study was presented, and students asked to error-proof the process
	/ One-Owner 
	Elimination of manual order entry – real-time E-orders
	/
	Lecturer & Peer Review in the online classroom
	Students presented a 5S program and 5S audit.
	5S
	Students were given examples of untidiness with the organisation in the warehouse, production floor and offices; they were then asked to state how they would carry out a 5S based on the information they had. Finally, they were asked to develop a 5S audit template.
	/
	Lecturer & Peer Review in the online classroom
	Students presented where Hejunka was required and how it could be utilised.
	Hejunka
	Students were given examples of inadequate flow and unevenness within the order scheduling process and within the outgoing shipping process and asked to brainstorm how they would improve it using Hejunka to implement evenness.
	/
	Lecturer & Peer Review in the online classroom
	Students presented SMED opportunities in the customer ordering processes and within the production line.  
	SMED
	Students give examples of slow turnarounds and, in line with 5S examples, brainstormed where SMED could be applied.  
	/
	Lecturer & Peer Review in the online classroom
	Students presented C&E diagrams and how they applied cause screening to the issues identified in the cause and effect and prioritised the issues based on a high, medium, and low potential for causing problems and fixing.
	Cause & Effect diagrams
	To root cause issues identified throughout the Kaizen, students were encouraged to apply the C&E diagram to 2 problems; 1) Reasons for deliveries taking up to 5 hours and 2) reasons for high defect rates and complaints.
	/ 
	Lecturer & Peer Review in the online classroom
	5 Whys scenarios presented for various root causes
	5 Whys
	Students were asked to utilise and apply the 5 Whys tools to develop a root cause further and identify corrective actions for identified issues within the C&E process.
	/
	Lecturer & Peer Review in the online classroom
	Future VSM with improvements presented
	Future State Value Stream Map
	Students were asked to brainstorm and design a new future VSM with improvements in flow, pull and waste reduction and new Takt times.
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	Lecturer & Peer Review in the online classroom
	New KPI scorecard presented with justification for reducing costs, quality defects, improved delivery, etc. 
	New KPI Scorecard
	Students estimated how changes and actions implemented had affected the original KPI metrics. 
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	Lecturer & Peer Review in the online classroom
	Reflection discussion and Kaizen close out held. Congratulations to Team. 
	Reflection & Kaizen Closeout
	Students asked to reflect on Lean and methods and how tools helped.
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