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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.  
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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 to be 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 
best in digital formats. Online teaching should include varied assignments and 
design student assessments at first to help teachers focus [6]. 
 The goal of this research is a case study on developing a user friendly, v irtual  
learning environment wherein the students studying Lean would be able to 
apply lean tools in 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: 

• How can Lean Six Sigma education be transferred to the online 
classroom to emulate the physical classroom? 

• How can the quality of learning, understanding and student 
experience of the methods be assured, applied and measured? 

• 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 of the 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 designe d 
to help learners develop higher-level thinking skills and evaluate their 
understanding, mediated by sharing ideas and problems with the content using 
interactive or collaborative 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 enjoyable than more traditional approaches as learning 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, the learnings 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 on lean teaching and virtual kaizen e vents s ince 
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 
lecturer designed case studies and applications. In addition, the de sign of the  
simulation exercise and practical implementation and learning may take t ime 
that is not available. It is also expensive to purchase and develop.  

 Lean Six Sigma techniques and tools are considered the cornerstones for 
eliminating waste are thus referred to as “Kaizen building blocks” [22]. A Le an 
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]. Give n this ,  
the research suggests that learning about Lean within a virtual classroom can 
aid this learning, 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 exercises that could  b e  
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 the se 
learners as they generally have greater self-regulation and acquiring le arning 
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  
scenario or demonstrate an ineffective, poorly managed organisation with poor 
productivity, high defect rates, late deliveries, extensive customer complaints ,  



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 assignment was 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 (KPI’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 outlined in Table 1.    

 

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

 

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. 

 

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.  Within the  v irtual  
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 aspe cts  of 
Lean in the workplace and physical classroom. To evaluate and ensure 
learning, the lecturer moved between breakout rooms to chat with and  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 to the students, and share ide as within the  
class. The lecturer presented some theory and background to each Lean tool  or 
practice and various Lean principles before commencing with the next 
breakout room exercise.  

 

 



 

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 
kaizen integrated into teams, as per a problem-based learning, active le arning 
and obeya system situation as if they had been in 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 the learnings, and gives both positive and constructive feedback [26].   

Results from the blended learning classroom Lean teaching in prev ious y e ars  
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 improvements workshops 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 
I was busy, active and learning". 

 

Students also highlighted critical thinking, enjoyability and teamwork 
interaction.  "Confidence" was a repeated theme, as was "I can use these 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  
student work shared during the online Kaizen) 

 

Lean/Six Sigma Tools 
Utilised and taught in 

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 

a problem statement and set 
goals and objectives for the 

kaizen activity. 

 

Students collaborate in 
the online classroom 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 were given a suite of 
data and performance 

measures related to 
Productivity, Delivery, Quality 

and Cost. 

 

Students collaborated 
and developed a KPI 

scorecard based on the 
information given.  

Lecturer & Peer Review in the online classroom 

Process Mapping 

Students were asked to draw a 
process map based on the steps 

outlined in the case study. 

Students collaborated 
and designed a "Current" 

Process Flow.  

 

Lecturer & Peer Review in the online classroom 

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. 

Students brainstormed 
and presented all of the 
8th waste types observed 

in the case study. 

  

Lecturer & Peer Review in the online classroom 

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. 

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. 

 

 

Lecturer & Peer Review 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. 

Students brainstormed 
idea on pull and flow 

improvement and 
presented in the online 

classroom. 
 

Lecturer & Peer Review in the online classroom 

Check sheets, Histograms, 
Pareto, Control Charts. 

Data was provided to enable 
students to utilise and learn 

about essential quality 
management tools. 

Students presented 
examples of tool 
applications and 

learnings. 

 

JIT & Kanban 

Just in Time and Kanban 
explained, opportunities were 

presented within the case study 
to explain the theory. 

Students brainstormed 
where Kanban and JIT 
may be utilised in the 

case study. 

  

Lecturer & Peer Review in the online classroom 

Poke Yoke 

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

proof the process 

Students gave examples 
of error proofing about 

the issues presented 
 One-Owner  

 

Elimination of manual order entry – real-time E-orders 

 

 

Lecturer & Peer Review in the online classroom 

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. 

Students presented a 5S 
program and 5S audit. 

 

Lecturer & Peer Review in the online classroom 

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. 

Students presented where 
Hejunka was required 

and how it could be 
utilised. 

 

Lecturer & Peer Review in the online classroom 

SMED 

Students give examples of slow 
turnarounds and, in line with 
5S examples, brainstormed 

Students presented 
SMED opportunities in 
the customer ordering 

processes and within the 
production line.    



where SMED could be applied.   
Lecturer & Peer Review in the online classroom 

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. 

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. 

  

Lecturer & Peer Review in the online classroom 

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. 

5 Whys scenarios 
presented for various root 

causes 

 

Lecturer & Peer Review in the online classroom 

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. 

Future VSM with 
improvements presented 

 

 

Lecturer & Peer Review in the online classroom 

New KPI Scorecard 

Students estimated how 
changes and actions 

implemented had affected the 
original KPI metrics.  

New KPI scorecard 
presented with 

justification for reducing 
costs, quality defects, 

improved delivery, etc.  
 

Lecturer & Peer Review in the online classroom 

Reflection & Kaizen 
Closeout 

Students asked to reflect on 
Lean and methods and how 

tools helped. 

Reflection discussion and 
Kaizen close out held. 

Congratulations to Team.  

 

Lecturer & Peer Review in the online classroom 



 

5.0 Discussion & Conclusion 

The effectiveness of the virtual delivery training was confirmed through 
feedback from over 100 learners. The research results aim to demonstrate  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 skills learned and felt competent in using Lean Six  
Sigma tools and applications.  

  

In any form of education, it is important to use a suitable learning environment 
for the intended purpose of the training, the education, and for the particip ant  
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 statement is true.  

 

Lean students are the future professionals of organisations, and their learning 
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 author would like to expand the usage of these technologie s 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 insight into the dependence of lean (especially JIT) on the sup p ly  chain 
and logistics. 
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	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 ...
	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 st...
	Transferring Lean education online or digitalising is not straightforward. The highly interactive nature of LSS education within the student peer group and with the lecturer or facilitator needed to be replicated. This replication needed to ensure tha...
	The goal of this research is a case study on developing a user friendly, virtual learning environment wherein the students studying Lean would be able to apply lean tools in a case study game format in a hypothetical manufacturing facility. The purpo...
	Thus the summary of the research questions are:
	 How can Lean Six Sigma education be transferred to the online classroom to emulate the physical classroom?
	 How can the quality of learning, understanding and student experience of the methods be assured, applied and measured?
	 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,...
	Today's engineering education requires a curriculum that allows students to utilise and learn of the latest technologies [8]. Irrespective of the pros and cons of virtual online delivery, which have been discussed by many authors [9], [10], the COVID ...
	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 deve...
	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 s...
	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 enjoyable...
	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, the learnings around online teaching methods can most certainly be leverage...
	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 lecturer designed case stu...
	Lean Six Sigma techniques and tools are considered the cornerstones for eliminating waste are thus referred to as “Kaizen building blocks” [22]. A Lean training, approach, deployment, education can begin by implementing basic Lean and Six Sigma techn...
	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 exercises that could 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 greate...
	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” o...
	The case study game given to the students contained information about the company performance and some background concerning key performance indicators (KPI’s). In addition, an explanation is given of how orders are received, processed and downloaded ...
	Table 1: Lean Principles and Concepts explored and applied within the virtual Kaizen online obeya classroom.
	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.  Within the virtual classroom, students were divided into breakout rooms. The breakroom exercises followed a DMAIC prob...
	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, p...
	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 assignmen...
	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 I was busy, active and learning".
	Students also highlighted critical thinking, enjoyability and teamwork interaction.  "Confidence" was a repeated theme, as was "I can use these 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  student work shared during the online Kaizen)
	(Note: All screenshot images are taken from examples of online screenshots and uploaded online submissions of  student work shared during the online Kaizen)

	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.
	/
	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. 
	/
	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.
	/
	Lecturer & Peer Review in the online classroom
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