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Abstract. Lean production is best taught on the factory floor. Yet, in higher ed-
ucation, it is almost exclusively taught in classrooms. We want to keep and pro-
liferate the learning experience of exploring a real factory’s “Gemba” and, at the 
same time, to remove limitations to factory visits. Due to recent developments in 
virtual reality (VR) technologies, VR offers excellent opportunities to achieve 
this. In this paper, we present an innovative way to teach lean production with 
VR. We show how we implemented a solution to let students be immersed in the 
factories of Toyota, ABB, and other world-renowned companies without having 
to travel. We also report on our experiences and provide other teachers the infor-
mation needed to adopt “Gemba VR” in their own teaching. 
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1 Introduction 

Training in lean production is most effective at the place it is supposed to be imple-
mented, that is, the “Gemba.” The term is Japanese, meaning “the actual place” [1, 2]; 
for lean production, that means the factory floor. Yet almost all lean training and in-
struction in the higher education sector takes place in classrooms. There are obvious 
reasons for this, but in this paper we show that—due to recent advancements in virtual 
reality (VR)—teachers can bring the Gemba to the classroom. We demonstrate and 
discuss the incorporation of online virtual environments from real factories in course 
designs. 

Field trips are an effective way of teaching lean in higher education [3], but field 
trips are generally inefficient. For example, it can be difficult to gain access to factories, 
and entering all the areas relevant to the class may not be permitted. Factory visits re-
quire considerable resources to coordinate and organize, especially for class sizes ex-
ceeding 25 students. It can also be difficult to fit factory visits into busy study and 
teaching schedules. Because field trips are difficult to plan and organize, they are rare 
learning opportunities for students. What if—rather than the students going to the 
field—the field could be brought to the students? 
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We want to keep and proliferate the learning experience of exploring a real factory 
environment and, at the same time, remove limitations to field visits. Recent develop-
ments in VR technologies offer excellent opportunities to do so. In this paper, we pre-
sent a teaching innovation that takes advantage of VR to teach lean production. In the 
next section, we present the technology and concept of “Gemba VR.” After that, we 
draw on our experiences from using this concept in three different courses at ETH Zur-
ich to discuss opportunities and challenges. We also provide advice for teachers who 
would like to teach with VR. 

2 Introducing Gemba VR 

There is agreement in the pedagogy literature that active learning is superior to pas-
sive learning [4, 5]. For example, the “70-20-10 rule” of learning suggests that manag-
ers learn 70% from on-the-job experiences and challenges, 20% from what they hear 
from other people, and only 10% from classroom training [6]. In light of these findings, 
it is disappointing that the vast amount of training in lean production takes place in 
classrooms. While this is obviously true for higher education, it is unfortunately also 
true for many training programs in companies. This problem is exaggerated when it 
comes to training in lean production, as it is hard to teach accurately in classrooms. 
While the introduction to tools and techniques can be covered [7], it is not easy to con-
vey the complexity involved in applying them to real factory setting. It is even harder 
to teach the important cultural and behavioral elements of lean in the classroom [8]. 

VR can help mitigate some of the drawbacks of traditional classroom teaching in 
higher education [9]. VR is an artificial environment presented to the user so that the 
user experiences it as a close-to-real environment [10, 11]. The VR environment can 
be an artificial creation, a digital copy of the real world, or a combination of both. The 
form of VR that we refer to in this paper is 3-dimensional images and videos that can 
be explored with a computer screen or wearable VR headsets. By offering the students 
VRs of real factories, they can actively explore the virtual content guided by assignment 
questions. We call this idea “Gemba VR.” We take advantage of available technologies 
to show how Gemba VR can be implemented cost-effectively and effortlessly at scale. 

Gemba VR consists of hardware, software, and a task assignment, all of which we 
introduce below. 

2.1 Hardware 

The hardware consists of students’ own smartphones and a VR headset. It is antici-
pated that students have their own smartphones that they can use for this purpose. Fig-
ure 1 shows teaching staff using two different VR headsets: The person on the left uses 
a cardboard headset that cost $3, and the person on the right uses a plastic headset that 
cost $30. We have used both in Gemba VR. The cardboard version is cheap enough to 
hand out freely to all students, while the plastic headsets are reused by other students. 
More professional VR equipment (e.g., HTC Vive, Oculus Rift) also exist, but these 



technologies are difficult to scale due to use requirements (e.g., space and marking) and 
costs. 

 

  

Fig. 1. Teaching staff using a VR cardboard headset (left) and a plastic headset (right). 

2.2 Software 

We use software that is freely available online or in mobile applications (apps). Ta-
ble 1 provides a list of exemplar software that can be used. YouTube contains a number 
of 360-degree videos of factories. In addition, more and more companies are launching 
VR apps in which users can explore factories freely at their own pace. For example, 
since 2017, the ABB Group has offered VR environments of some of their factories 
through an app available in major app stores. The app consists of 360-degree pictures 
and videos from five factories blended with virtual instructions and information. In the 
app, students can visit a number of predefined areas in the factories in any order they 
like. In our course, we have chosen to use the ABB app and a Toyota YouTube video, 
as the richness of this software fit well with our specific learning objectives. 

Table 1. Examples of available VR content that can be used to teach lean production. 

Company Location(s) Title Format Dura-
tion 
(min) 

Access links 

ABB CH (2), DE, 
FIN (2)  

ABB 360 VR tours App N/A AppStore  
GooglePlay 

AkzoNobel UK Ashington VR App N/A GooglePlay 
Toyota FRA Toyota VR / 360° Factory Tour 360 video 2.56 YouTube 
GE US Inside a Gas Turbine Factory 360 video 3.50 YouTube 
Tesla US See where Tesla makes its cars 360 video 2.06 YouTube 
Hyundai KOR Explore VR Plant 360 video 4.43 YouTube 
Niftylift UK VR Factory Tour From Above 360 video 2.01 YouTube 
TVS IND TVS - 360 Factory Tour 360 video 2.07 YouTube 
Würth DE  Würth Elektronik Factory Tour  360 video 2.28 YouTube 

 

https://itunes.apple.com/ca/app/vr-tour-finland/id1164432871?mt=8
https://play.google.com/store/apps/details?id=com.abb.fi.VRTour
https://play.google.com/store/apps/details?id=com.akzonobel.ashingtonvr&hl=no
https://youtu.be/bvqDVjk56EI
https://youtu.be/WpaOn6y7QI8
https://youtu.be/vmHvvZjV87U
https://youtu.be/6a97u3tkFQo
https://youtu.be/u7wU1DTFH7w
https://youtu.be/2j4Tjok5PuA
https://youtu.be/PiXQ9RlHPFU


360-degree videos and VR apps have pros and cons. Among the pros are that the 
apps are easier to navigate and allow the user to visit different locations in the factory 
at his or her own speed. They can also be operated seamlessly with most VR headsets. 
Among the cons are that the virtual rooms are often static or only show short videos on 
repeat. The apps are therefore generally unsuitable for showing the material flow in the 
factory. The videos (e.g., the Toyota video listed in Table 1), however, are excellent for 
showing material flow. The drawback of videos is that they are often played at a high 
speed, which makes it hard to absorb all their details. This issue can be mitigated by 
pausing the videos or manually setting the play speed at a fraction of the standard (e.g., 
in YouTube, set the “playback speed” to 0.25). While a slower play speed makes it 
much easier to follow, any audio material will be practically unusable and should be 
muted. 

By using both VR apps and 360-degree videos in our courses, we take advantage of 
the strengths of both. Figure 2 shows two examples from the apps we use in class. The 
left picture is a snapshot of a running 360-degree video that follows the assembly of a 
forklift from start to end in a Toyota factory. The right picture is a repeated 360-degree 
video that shows how the operator uses a machine in an ABB electronics assembly 
factory. In the right picture, the information icon (the red “i” in a white circle) contains 
blended information that can be clicked and read. In both the video and the app, the 
user can explore the assembly halls by turning the headsets in 360 degrees, or if navi-
gated on a screen, the user can use the navigation panel to look around. 

 

  
Fig. 2. Snapshots from VR environments in Toyota (left) and ABB (right). 

2.3 Assignment 

We implement Gemba VR as a work assignment in the courses. The assignment 
requires students to solve questions related to the learning objectives of the course. To 
answer the questions, the students have to visit the virtual environments. We ask the 
students to form groups of 3–5 people to discuss the content, but the assignment could 
also be given as individual coursework. Every student is encouraged to first solve the 
questions individually before meeting and discussing in their groups. The assignment 
lasts about three weeks. The student groups must hand in group reports answering all 
the assignment questions and also prepare short presentations containing their answers 
to the questions. We dedicate a class to present and discuss randomly drawn group 
reports. 



Table 2 lists the questions we ask in the 2019 fall semester course. We separate three 
different types of questions (seek-and-find, explore-and-think, and compare-and-ana-
lyze), which increase in difficulty as the students progress with the assignment. Other 
teachers can and should adapt the assignment questions to fit their own course’s learn-
ing objectives. 

Table 2. Assignment questions. 

Task type Question 
Seek-and-find 
questions 

1. For the ABB Baden factory and the Toyota factory, search for 
the following lean methods, take screenshot of where you find 
them, and note their location [and time]: 

a. Andon 
b. Shadow board 
c. Kaizen board 
d. Kanban 
e. Two-bin system 
f. Poka yoke 
g. One-point-lesson 

 2. Briefly explain each method from 1a-g as it is used in the 
Toyota factory.  

 3. Visit the assembly line of the Toyota factory. Search for infor-
mation that you can use to calculate the takt time of the factory. 
What is the takt time of the forklift assembly line? What is cy-
cle time and how does it relate to the takt time?  

 4. What are muri, mura, and muda? Please find and explain one 
example of each in the ABB factories. 
 

Explore-and-
think questions 

5. In the five ABB factories, did you notice any lean methods, 
tools, or techniques not covered in Question 1a-g? If so, please 
name the method(s) and where you found it (them). (Limit the 
response to maximum five methods). 

 6. Consider all five ABB factories and give an assessment of the 
levels of 5S. Do the same for the Toyota factory. 

  
Compare-and-
analyze ques-
tions 

7. Compare the Toyota assembly plant to the ABB Baden assem-
bly line. What are the main differences in terms of operational 
characteristics? How should lean implementation differ across 
these settings? 

 8. Compare the ABB Lenzburg factory to the Toyota assembly 
plant. What lean practices from the Toyota plant do you think are 
applicable in the semiconductor fabrication plant in Lenzburg? 



3 Experiences from teaching with Gemba VR 

Our experience with teaching lean with VR is that students generally appreciate the 
innovation. In particular, they report that they enjoy the opportunity to be immersed in 
a real factory. Figure 2 shows a group of Master of Business Administration (MBA) 
students solving questions with the use of VR. One of these students summarized the 
assignment as follows: “The VR experience was tremendous. It was a great way to get 
a good insight into production facilities and to start analyzing the situation.” However, 
the VR technology and the way we integrated it had several drawbacks. In this discus-
sion, we summarize the benefits and drawbacks that we encountered when integrating 
VR into teaching lean production. 

 

 
Fig. 3. Student group solving an assignment task with VR. 

3.1 Benefits 

With VR, students can explore factory environments whenever and wherever they 
like. One student reported, “It was good that you could discover the factory [at] your 
own speed.” In contrast to factory tours, students can revisit the VR environment for 
any purpose, such as discussing content in groups. VR also allows the students to vir-
tually visit multiple production sites in different locations and compare their differences 
without needing to travel. They can access areas and views that might be unavailable 
during a field trip, such as clean rooms and close-up views of machinery. VR also offers 
the possibility to blend different types of information, such as real images and videos 
of factory operations with overlaid digital information, to support students’ learning 
experiences and learning outcomes. 

One of the biggest advantages of VR is that it enables inquiry-based learning. One 
student remarked, “I think it’s because it’s more like an active discovery than like a 
passive [one].” While the questions guided students to seek certain answers, they also 
needed to use their own curiosity and intelligence when visiting the virtual environment 
and seeking the answers. One student asserted, “Since you have to look around, you 
start thinking . . . hey, so what am I actually looking at, or what should I be looking at?” 



Furthermore, the use of a modern technology, such as VR, is exciting for many stu-
dents. This enthusiasm can improve their learning motivation. “Oh cool,” commented 
one student. “We’re doing something using VR. You know it’s kind of a buzz word—
it automatically excites you a little bit.” Although the technology had a visible boost on 
student motivation, we did not find this excitement to last beyond the first explorations 
of the VR app. 

3.2 Drawbacks 

We also learned that the current state of technology has several drawbacks. For ex-
ample, there is no way to ask questions during a virtual factory tour. It is also very hard 
to take notes or discuss with peers when using full-immersion VR glasses. Vision-im-
paired students using spectacles, found the VR glasses to be inconvenient. Also, in very 
few cases, we had students with older, incompatible smartphones or who experienced 
the app crashing. Some students who had experienced higher-end VR viewers, such as 
the Oculus Rift, were disappointed by the limited possibilities and low resolution of-
fered by the cardboard variant. 

The most serious drawback was that many students experienced motion sickness 
when using the VR app. To avoid this, several students reported that they stopped using 
the cardboard viewers and instead looked directly at the smartphone screen or used the 
computer. This workaround reduces the level of immersion, but it also affords the pos-
sibility to tour the virtual facility with others and take notes simultaneously. 

4 Conclusions 

VR can increase the effectiveness and efficiency of teaching lean production. In this 
paper, we showed how we integrated VR into classrooms for this purpose. We call this 
“Gemba VR.” We also described all the details needed for other teachers to design 
similar assignments. In our experience, VR had mostly positive effects on students’ 
learning experiences, as the immersion it offers can certainly improve learning out-
comes. However, we also found that the current state of VR technology has some lim-
itations and drawbacks that inhibit its use to teach all aspects of lean production. 

A typical concern for teachers is that new technologies are expensive to access and 
difficult to master. In our experiences with the type of VR applications we used, those 
concerns do not hold water. Students can use technologies they already possess 
(smartphones), factory apps are offered for free, VR headsets are cheap, and their use 
is self-explanatory. A completely free alternative is to ask students to explore the 360-
degree videos on YouTube. With the rising improvement and availability of VR over 
the next few years, there is good reason to believe that its applications to lean teaching 
in higher education will only widen. In the near future, we hope to see an increasing 
availability of VR apps, such as the one provided by ABB. 
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