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Abstract  

 
 A popular form of participatory active training methods in the education of professionals and executives are 
simulations and game-based teaching methods. These approaches are ideal to teach Lean Management, focusing on 
knowledge transfer rather than studying plane theory. The application of Lean Management is much focused on 
practice, but not memory. Still a critical assessment of existing simulation and game-based Lean Training methods in 
this field has been lacking. Limited information is available on simulation and game-based Lean training of executive 
and professionals. Thus, a web-based search was conducted using a set of key words and logical relations among them 
and constraints on them. A total of 49 different simulations and games were identified and classified according to their 
emphasis on standalone lean tools or the overall lean philosophy, the area of application, the manifestation, number 
of iterations and the consideration of soft-skills. The majority lacks a stress on soft-skills and concentrate on single 
tools to be used in production. The number of findings concentrating on an application in offices resp. administration 
is dwindling. Only few are designed for online usage and most are fairly abstract, which requires the participants to 
be familiar with abstraction and the aspects of Lean tools. Authentic and realistic simulators and games are missing 
in professional and executive education. Future directions for the improvement of lean simulation design are 
proposed.  
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1. Introduction  
Although Lean Management is becoming more and more popular with industrial organizations, its prevalence in 
academic education is rather modest. Less than one third of German higher education institutions included it to their 
syllabus (Pötters, Szedlak, & Leyendecker, 2019). Thus, the range of continuous education and profession trainings 
play a crucial role in transferring knowledge to the industry. Various consultancy companies and centres of continuous 
education offer Lean training courses. However, to successfully implement Lean Management transferred knowledge 
is crucial. The Ballés (2005) argue that in this context, studying plain theory is insufficient. Rather trainees must 
understand how the theory applies to industrial situations. Therefore, the application of Lean Management is much 
focused on practice, but not memory.  
 
Based on the learning pyramid (Figure 1), developed by the United States National Training Laboratories, the learners 
recall associated with passive learning methods (lecture, reading, audio visual and demonstrations) is quite low. 
Although the learning pyramid lacks empirical evidence according to Letrud (2012) and empirical test would cause 
major methodological problems, it represents the amount of theory people remember for each teaching methods. Thus, 
participatory teaching methods, involving trainees in group discussions as well as practice oriented simulations and 
games, are the preferred methods in Lean training. Still the learning outcome is not equal to the faculty of memory 
(Yonglianga, Hua, Jiaob, Mingqianga, & Guanghuia, 2015). In addition, the application of tools and of the Lean 
Philosophy must be trained. Most vendors in executive and professional education choose simulation and game-based 
training methods as a form of participatory active teaching methods. This article provides a critical assessment of 
existing simulation and game-based lean trainings.         
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Figure 1. Learning Pyramid adapted from the National Training Laboratories. Bethel, Maine (Source: Stanley 

(2013)) 

2. Simulation and Game-based Lean Education and Training  
 
2.1 Simulation and Games 
Current literature has no real consensus on the term “games” (Crawford, 2003). A wide range of definition is proposed 
that can be characterized as follow: 

• Games are typically enjoyable, mental or physical activities 
• Games involve goals  
• Participants try to achieve these goals by specific actions, so called “moves” 
• Moves can be subject to constraints and rules 
• Games are separate from real life 

  
Like simulations, games can be played by individuals, pairs or in teams.  
According to Crookall and Saunders (Crookall & Saunders, 1989) a simulation is a representation of a real world 
system focusing on specific aspects of reality. The representation can be phenotypical - in that case, it is a reflection 
of the process - or genotypical. The latter represents a subset of the systems and therefore is part of reality 
(Thavikulwat, 1999). While in simulations participants play a role in an abstracted and simplified real world systems, 
participants of games follow prescribed rules, that on purpose differ from real life situations (Heinrich, Molenda, 
Russel, & Smoldino, 1996; Crookall & Saunders, 1989). However, some authors bring both terms together defining 
simulation games as dynamic models that “mimic processes, networks, and structures of specific existing systems  [… 
and] incorporate players who assume specific roles” (Kriz, 2003).  
 
Both games and simulation have been used for educational and training purpose in a wide range of subjects, including 
business, engineering and Lean education and training.   
 
2.2 Types of Simulators and Games in Lean Education and Training 
A large number of simulators are used in practice for Lean education and training. These can mainly be assigned to 
four main groups: 

• Paper-based Games 
• Desktop Games 
• Learning Factories 
• (near) full scale simulators. 

 
Paper-based games usually focus on a single or just a few aspects of Lean Management trying to convey the basic 
idea of these aspects. Simplicity is both, an advantage and a disadvantage. On the one hand, the presence of a trainer 
is not absolutely necessary. On the other hand, these games are fairly abstract, which requires the participants to be 
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familiar with abstraction and the aspects of Lean tools. For example, many trainees struggle to link variability in 
processes with the use of dices in specific games. Desktop games are also fairly abstract and are based on e.g. Lego. 
Typical for games they are very enjoyable for most participants but lack sufficient realism. Therefore these games are 
used to teach basic concepts only (Dukovska-Popovska, Hove-Madsen, & Nielsen, 2008). 
 
Learning factories consist of real manufacturing equipment. They abstract and simplify subsets of the real world and 
are usually designed for the training of experienced machine operators due their high level of details. In addition they 
are restricted to a single type of production and a specific location (Tisch, et al., 2013). Near full scale simulators, in 
contrast, make use of near full-scale workstations to simulate entire production lines. Typically these are restricted to 
assembly line and are stationary. However, some combine the idea of desktop games with learning factories or full-
scale simulators, offering an environment where also novices can learn basic concept in a more realistic subset of the 
environment. 
 
2.3 Effectiveness of Game-based Lean Training 
 
A very important aspect of the use of simulations and games in the area of Lean teaching is that the actual learning of 
theory slips into the background (Badurdeen, Marksberry, Hall, & Gregory, 2016). Rather, the participants are 
concerned with successfully applying the theory they have learned and solving a real problem. Thus, participants can 
put theory to action and observe direct result (Pasin & Giroux, 2010). This consolidates what has been learned and 
participants can better relate to practice. Once the learning outcomes are repeatedly applied in everyday situations, 
automatism sets in. The success of lean education and training is determined by the amount of knowledge that is 
ultimately applied in the real work environment. This is referred to as "training transfer" (De Vin, Jacobsson, & Odhe, 
2018). 
 
Consequently, a high level of training transfer depends on various variables. In particular, attention must be paid to 
the level of difficulty, that must be adapted to the participants previous lean experience level. If a simulation game is 
too simple, the participants tend to feel bored and underchallenged, while if the simulation is too complicated, the 
feeling of being overwhelmed is created. As a result, participants will not experience the desired level of training 
transfer (De Vin, Jacobsson, & Odhe, 2018; Adobor & Daneshfar, 2006). The level of abstraction adds to this. In 
particular, experienced workers tend to draw any learning outcomes from games with a very high level of abstraction. 
On the other hand, detailed simulations are rigid and inflexible not allowing for many variants. However, the absence 
of real risk allows participants to adapt techniques in a less stressful but still stimulating environment (Pasin & Giroux, 
2011). Last but not least training transfer also depends on the group of participants. Participants are active throughout 
the learning process (Faria & Dickinson, 1994) and have to make sense of a complex decision process instead of 
applying simple rules, only (Zantow, Knowlton, & Sharp, 2005).There can be a huge difference in team interaction 
that heavily influence the learning outcomes. Consequently, participants and their teams are responsible for their own 
learning. Thus, participants should be divided into groups based on structured techniques with respect to their 
individual learning styles (De Vin, Jacobsson, & Odhe, 2018; Adobor & Daneshfar, 2006). 
 
3. Methods  
Currently lean education and training programs are mainly centered on higher education institutes, center for 
continuous education and consulting companies. However, limited information is available on simulation and game-
based Lean training offered by most vendors of professional and executive training. Thus, a web-based search was 
conducted using a set of key words and logical relations among them and constraints on them. Google was selected 
as the search engine for this research, because it still appears to offer the largest database of web pages, documents 
and other data sources (Chris, 2021).  
 
3.1 Search Method 
The data in this web-based search was collected through the internet via Google using the keyword ‘lean’ in 
combination with ‘training’, ‘certificate’, ‘certification’ and ‘qualification’. Logical operations were used. A large 
volume of work from diverse professional fields was retrieved using the following steps:  
 

Step 1: The keywords and their relation structure are defined. 
Step 2: The defined keywords and relation is fed to google’s advanced search page. 
Step 3: Universities were excluded from the search by domain filtering (e.g. .ac, .edu) 
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Step 4: The search engines results were restricted to current hits (<1 year). 
Step 5: Meta data was analyzed and relevant data was retrived 
Step 6: Relevant hits were documented in a long list including manuals or detailed instructions on lean    
            simulations and games, if applicable.  

     
The searches were refined with the query string of ‘simulation’, ‘games’, ‘executive education’ and ‘professional 
training‘. Many vendors of professional and executive lean trainings use simulations and games developed by third 
parties. Thus, after applying the exclusion criteria to the long list, the web was searched for detailed instructions and 
manuals. These were compared with the detailed information of the initial search. Games and Simulation without the 
relevant information were eliminated. As a result a short list of 49 lean games and simulations used in professional 
training was obtained.  
 
3.2 Selection Criteria 
Before analyzing the data the following exclusion criteria were applied to the long list. 

1. detailed information on the lean simulation and game is not accessible 
2. detailed information is only available in a third language, but English or German 
3. the game or simulation is not part of professional training 
4. duplicates – entries with identical details  

 
Any article not meeting the selection criteria was removed from the long list before refining the search. In addition, 
simulations and games that did not provide detailed descriptions, instructions or manuals and could not clearly be 
linked to an instruction or manual published by others, were eliminated from the reduced long list. The short list still 
contained duplicates and close variants of some games. After scanning the instructions and manuals all duplicates 
were removed. No value was placed on the vendor and therefore also not on the name to be retained. The application 
of the selection criteria had the effects shown in figure 2. 
 

 
Figure 2 absolute results for the web-based search and application of selection criteria 

 
4. Results 
4.1 Emphasis of Simulations and Games Reviewed 
The majority of games and simulations reviewed had a production line focus. Almost 70% emphasize the application 
of lean tools to improve the fabrication and assembly process. Only few consider other functional areas such as 
logistics or sales (e.g. No. 13). The focus predominately lies on the shop-floor operations focusing on large-scale 
discrete production. In particular, the administrative level (e.g. No.4) has been neglected so far. Although some of the 
paper-based and desktop games can also be used to teach the application of lean tools and techniques in an 
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administrative setting, none of the vendors has it on offer. Furthermore, result show that only few focus on the use of 
lean to the supply chain. Downstream operations or multiple suppliers along the supply chain (e.g. No.15) are usually 
neglected. Figure 3 illustrates the focus of the lean tools and techniques. 
 
The reviewed games and simulations cover a wide variety of lean tools and techniques. 34 cover lean systems, which 
in this context defines the application of several lean tools, such as cell layout, kanban, visual control or visual stream 
mapping, to transform traditional systems to a pull system for example. Games and simulations of this kind put process 
improvement or soft skills in the foreground. Table 1 summarizes the emphasis of the games and simulation. 21 out 
of 49 concentrate on the demonstration of a single or a few stand alone tools. 5S and kanban are the most often 
described tools. 
 

 
Figure 3. Focus of lean tools and techniques 

   
4.2 Construction Methods of Simulations and Games Reviewed 
The majority of simulation and games uses easily available materials such as paper (e.g. No. 38, 43) to simulate 
fabrication-like operations. Prefabricated modular components like LEGO (e.g. No. 49) are also very popular with 
vendors of professional trainings. Last but not least, dices, gaming cards and other easily available materials are used 
e.g. to simulate the variability in processes (e.g. No. 27). With exception of the games and simulations focusing on 
specific lean tools (e.g. No. 4, 16), the majority involved multiple iterations. To demonstrate the effectiveness of lean 
systems a pre-post comparison is usually used. The first run demonstrates the pre-optimization state. However, to 
demonstrate the transformation from a push to a pull-production multiple iterations (3-4) were used, improving the 
conventional operations step by step, highlighting the importance of the applied tools. Consequently, the execution 
time is highly variable. However, most games were designed to be played within 30 minutes. Preparation time is 
limited, too. Only few that require more involvement of participants take up to two hours (e.g. No. 49).  
 
4.3 Level of abstraction of Simulations and Games Reviewed 
More than half of the reviewed games and simulations have a high level of abstraction, as illustrated in Figure 4. This 
means the training happens in a conceptual environment with the level of complexity reduced to a minimum. 
Participants rather follow prescribed rules, that on purpose differ from the real world, than playing a role in an 
abstracted and simplified real world system. In addition, the phenotypical simulations were designed for awareness 
training rather than putting the effects of given methods on physical aspects of the situation to the fore. Only 5 
simulations provide a realistic environment where participants can learn about the results of the taken methods by 

0

5

10

15

20

25

30

35

Supply Chain Production Administration other

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Rome, Italy, August 2-5, 2021

© IEOM Society International 2412



observing its effects on the product under construction. No transfer of theory based on the workers experience has to 
take place. Instead, these simulations allow for an observation of failure situations in an safe environment. 
 

 
Figure 4. Level of abstraction of games and simulations reviewed 

 
4.4 Online Readiness and virtual Simulation of reviewed Games and Simulations 
Only one vendor offered a virtual simulation (No. 26). Participation can take place without an instructor after 
registration to the vendors website. The relevant content is delivered in the form of records and small video tutorials. 
The participants can participate spatially distributed. However, interaction is not possible. Another 15 games and 
simulations included brief information or ideas for an online variant, with a note that it will only be offered in the near 
future. The proportion on online ready games and simulations to teach lean system or specific tools is the same.  
However, most only read variants are hybrid versions. This means the group of participants is provided with the 
required resources and an instructor supervises the implementation virtually. A decentralized implementation is 
therefore not possible in most cases. It assumes that the participants meet in person to participate in a simulation or  
game. Only the trainer takes part remotely. Tabel 1 summarizes the online readiness of the reviewed games and 
simulations. 
 
4.5 Learning Outcomes of Simulations and Games Reviewed 
17 out of 49 games and simulation provide multiple learning outcomes. This means that they also consider reflection 
on the improvements, usually based on a single round of data. Beside concentrating upon the technical learning 
outcomes, they also try to put the focus on the lean principle of continuous improvement. However, the majority is 
designed to be completed within 30 minutes and a maximum of three to four runs. The focus is more on the pre-post-
comparison of the lean transformation, highlighting the advantage of the lean concepts and tools.   
 
The majority of lean games and simulation focus on the optimization of information and material flow, only. Less 
than a quarter of them also consider the social skills needed to encourage the transformation (e.g. No. 13, 25). Lean 
role definitions and lean behaviors of individuals are usually neglected.  
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5. Discussion 
The success of lean management in production processes has been confirmed several times all over the world, so it 
seems natural that most vendors of lean training for professionals and executives have those on offer. However, 
besides the classical lean production, a transfer to other divisions was conceivable. Although administration plays a 
crucial role in creating customer value, with more than 50 percent of the workforce ling in the office (Brill, 
Weidemann, Alard, Olson, & Keable, 2001), over one third of administrative processes are waste (Westkämper, et 
al., 2011). Up today, lean administration still is largely underestimated (Schuh, Potente, Jasinski, & Nuyken, 2013). 
With administrative operations representing over 60 per cent of consts associated with meeting customer demands, 
lean methods are becoming highly relevant within the administrative level (Danielsson, 2013; Tapping & Shuker, 
2003; Brenner, 2018). However, it is precisely the use in administration that is often more difficult to understand and, 
as a rule, significantly less transparent. A very good understanding of the methods and the entire concept is therefore 
essential. Thus, the use of simulations and games in lean training for professionals and executive can boost the 
sustainable implementation of lean administration, preventing employees from falling back into old patterns too 
quickly. However, the range of simulations and games focusing on administrative level is very low and urgently needs 
to be expanded.  
 
A crucial component of the training transfer is to understand the concepts by analyzing the more conceptual aspects 
of work. De Vin, et al. (2018) argue that successful training requires critical reflection and rounds of discussion 
between all participants. The goal is to allow the participants to discuss the insights gained and thereby further 
strengthen their understanding of the use of lean system and tools. Further, the reflection has a positive impact on the 
personal and social skills of the participants. An experienced lean trainer is required to moderate these discussions, 
setting new impulses if needed (Pasin & Giroux, 2010). However, the majority of existing games and simulation is 
designed to be completed within 30 minutes and a maximum of three to four runs. The focus is more on the pre-post-
comparison of the lean transformation, highlighting the advantage of the lean concepts and tools, than on the reflection 
upon the application of lean concepts for continuous improvement. The design therefore, allows for an unrealistic 
improvement where the application of lean tools can be done at ease resulting in big performance improvements, 
eliminating the identified problem. This stirs up unrealistic expectations among participants. Real world problems 
often stay after system improvement. We therefore, argue that the experience of incremental changes of a lean 
transformation must be put to the fore. Participants must already experience the necessity of continuous efforts during 
the training, to prevent unrealistic expectations on the lean transformation. Therefore Deming’s (2000) Plan Do Act 
Check (PDCA) Cycle must be fully applied within simulations. Existing ones usually concentrate on the first part, 
stirring the expectation that rapid improvements are the norm and lean transformation means jumping from one 
improvement to the other. The reflection of the system at hand and the identification of measures to keep the system 
stable are neglected. 
 
This also covers misassumptions on human interaction, roles and peoples approach to change. Existing games and 
simulations do not cover social or individuals skills needed to implement a sustainable lean transformation. Liker, et 
al.(2008) argue that the lean approach differs from classic ones, by concentrating on the workers technical skills first 
before concentrating on problem solving. After standardization of all the task and mastering skills needed, the more 
conceptual approach to problem solving sets in. This requires simulation concentrating on practical activity first, 
giving the opportunity to reflect on the problem before introducing conceptual aspects. Existing simulation do not 
cover these approach. We therefore call for simulations, that facilitate the idea of learning through failures and 
success. By experimenting with the problem solving and reflecting on the social and technical skills and the way the 
people and tools behave. Participants must learn on the soft skills and learn to facilitate the lean concept. This requires 
a design that allows participants to not only experience the concept of incremental change, but also to reflect on the 
different roles in a team and the desired soft skills. Multiple runs and enough time for reflection are necessary, 
allowing the participants to switch roles between runs. Last but not least, participants must get the chance to see that 
continuous improvement, means active participation of workers. Lean transformation also means enabling the 
workers to do the problem solving. This requires a solid reflection on all roles.  
 
Training transfer for experienced workers also heavily depends on the level of realism they provide (Pourabdollahian, 
Taisch, & Kerga, 2012; Dukovska-Popovska, Hove-Madsen, & Nielsen, 2008). However, a high degree of realism 
also means higher complexity and thus, a higher degree of difficulty. Thus, the risk of frustration or anxiety of 
overwhelmed participants threatens the learning outcome. On the other hand, too simple games may bore the 
participants. Kolb (1984) discuss the balance between the simplicity and difficulty level in simulations and games. It 
is important to provide a training environment that allows the participants too grasp the simulation in all details, so 
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that the correlation between actions and results become visible (Johannson, 2012). Still the task must present a 
challenging problem, to encourage participants to participate in the problem solving (Dukovska-Popovska, Hove-
Madsen, & Nielsen, 2008). This means a learning through experience must be possible. This requires few boundaries 
presenting a simplified but still realistic environment with real problems. The problem solving must be rather open 
than in a linear way. Therefore, that learning can take place at an application level. However, most existing 
simulations and games concentrate on awareness training only. In particular, experienced workers ask for a level of 
abstraction of the learning environment that allows for experimental learning. Recent literature argues that learning 
takes place best if the trainee moves back and fourth between his comfort zone and the challenge zone. The latter 
steps up the degree of difficulty presenting participants with a challenging problem to be solved. This is where 
learning outcome at an application level is generated, enabling the trainee to understand how trouble shooting using 
the tools at hand works and can be applied under various conditions. The desired skills and insights are consolidated 
in the so-called comfort zone. Therefore, it is important in professional and executive training to provide a realistic 
environment that is familiar to the trainee, to teach them to learn from failures. Lean philosophy does not mean to 
tolerate failures but also means to realize that “you have to fail to progress” (Osono, Shimizu, & Takeuchi, 2008). 
This insights can’t be generated at an awareness level.   
 
The current situation has also caused many providers of training courses to rethink their existing approach. So far, 
there are hardly any digital versions of lean simulations and games. However, many start to concentrate on hybrid 
versions. Still a lack of variants that enable decentralized participation not missing on the moderation of an 
experienced facilitator must be noted. The incorporation of the topics discussed above are particularly difficult. In 
particular, the opportunity to develop personal and soft skills must be given in a virtual environment as well. The 
mapping and reflection of different roles in spatially distributed teams also represents a challenge that has not yet 
been addressed. What must not happen under any circumstances is that the participants are left to their own devices. 
Even if learning with the help of tutorials and video recordings promises a lot of flexibility, sustainable lean training 
requires an experienced facilitator who guides the discussions and reflection on tools, roles and skills and promotes 
the self-learning process through targeted input to the discussion rounds. 
 
6. Conclusion 
The main conclusion of the evaluation summarizes as follows: 

- The analysis of 49 simulations and games from vendors of professional and executive training showed that 
the majority has a production line focus. Lean administration is usually neglected or it is recommended to 
book the same simulation or games, since the learning outcome can be transferred. Therefore participants are 
usually confronted with a high degree of abstraction or an unfamiliar situation that makes it hard to see behind 
the concept, e.g. focusing on physiomotric skills instead. Thus, more realistic simulations of office 
environments to teach lean administration are needed.  

- The majority of games and simulation focus on an awareness training. This means participants are trained to 
apply the theory and discussed tools in an unique and simplified situation, learning how to apply lean tool in 
a single set of conditions. We argue that simulations and games should present real life problems, which also 
includes stress or uncertainty. Learning must happen at an application level, enabling participants to put their 
know how to practice under various conditions. Also more attention must be paid to teaching soft skills and 
the understanding of different roles. 

- Almost all existing simulations and games concentrate on a single pass approach demonstrating the 
transformation of a current to a desired state. The design is set up to reach the ideal situation within a single 
run. This conveys the wrong image and raises unrealistic expectations. We argue that simulations must be a 
preview of the real world to experience incremental change in lean transformations, also allowing participants 
to discuss and reflect on the humans role and behavior during the problem solving.  

- Digital or virtual versions are not existing. Spatially distributed teams pose a particular challenge, both in 
terms of application and as an object of simulation. Not to be neglected is the role of the moderator, who, as 
an experienced lean expert, has to slip into the role of thefacilitator. 

 
However, results only included games and simulations that provided detailed information to be analysed. Many 
vendors offer different variants or versions of the reviewed games and simulations, that might address learning 
outcomes differently. In particular, information on digital versions was only sporadic.   
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