
http://www.diva-portal.org

This is the published version of a paper published in Procedia Manufacturing.

Citation for the original published paper (version of record):

De Vin, L., Jacobsson, L., Odhe, J., Wickberg, A. (2017)
Lean Production Training for the Manufacturing Industry: Experiences from Karlstad Lean
Factory.
Procedia Manufacturing, 11: 1019-1026
https://doi.org/10.1016/j.promfg.2017.07.208

Access to the published version may require subscription.

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:kau:diva-62701



2351-9789 © 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the 27th International Conference on Flexible Automation and Intelligent Manufacturing
doi: 10.1016/j.promfg.2017.07.208 

 Procedia Manufacturing   11  ( 2017 )  1019 – 1026 

Available online at www.sciencedirect.com 

ScienceDirect

27th International Conference on Flexible Automation and Intelligent Manufacturing, FAIM2017, 
27-30 June 2017, Modena, Italy 

Lean Production Training for the Manufacturing Industry: 
Experiences from Karlstad Lean Factory 

Leo J De Vin*, Lasse Jacobsson, JanErik Odhe, Anders Wickberg 
Karlstad University, 65188 Karlstad, Sweden 

Abstract 

Both literature and manufacturing companies state that simulators for providing training in lean production to industrial 
employees must be similar to the work environment. This motivated the design of Karlstad Lean Factory, which is a training 
environment that realistically resembles an industrial environment. It is a full-scale training facility that incorporates a 
combination of materials processing and assembly. Parameters such as processing times, breakdown intervals and repair types 
can be set. Examples of basic and more advanced training scenarios are given. Experiences from training groups of industrial 
employees are described; inhomogeneity of these groups requires some specific attention. 
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1. Introduction 

Simulation games constitute one group of tools used in lean production training and education. Simulation for 
training lean production ranges from simple paper-based or LEGO®-based games to larger scale simulation 
environments, for instance push car assembly. This may be suitable for educating students, but often less so for 
training industry workers. The latter group typically is more used to intuitive learning than to formal instruction. 
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Training this group is facilitated by an environment that more realistically represents the work environment. For this 
reason, “Karlstad Lean Factory” was created. It emulates industrial materials processing and assembly. 

The design and concept of Karlstad Lean Factory were first published in [1] when the lab was still in its 
development & testing phase. The current paper reports on the first findings of training industrial employees. The 
purpose of the lab is threefold. Firstly, it is meant as an “instructional factory” (a term coined by Schofield one 
century ago [2]). Through creating an environment that resembles a factory, a unique facility for training industrial 
employees and engineering education has been established. The second purpose is to study the effects that the 
environment has on training industrial employees. The third purpose is to study long-term effects such as 
transformation of companies (in particular SMEs) to self-learning organizations and increased innovative capacity 
of SMEs. At this stage, this third purpose is future work. 

The disposition of the remainder of this paper is as follows. First, a summary of serious-gaming theory will be 
presented with a focus on lean production education & training. Next, the motivation for building Karlstad Lean 
Factory will be summarized and the main features of its equipment will be described. Finally, some of the first 
findings from training industrial employees will be presented. 

2. Serious gaming theory and lean production games  

Below, some aspects of serious gaming theory with relevance to game-based lean production training are briefly 
described. Kolb [3] mentions the existence of a so-called flow channel in game-based learning. If the task is too 
difficult, then the participant gets frustrated or feels anxiety. If the task is too trivial or too simple, then the 
participant gets bored. In between, there is a zone in which the participant is engaged in the task. In more recent 
work [4, 5], this zone is divided into a “gaming zone” (or comfort zone) and a “learning zone” (or challenge zone), 
see Figure 1, to the left. Learning takes place by zig-zagging between these two zones. This process of zig-zagging 
is often represented as switching between a gaming cycle and a learning cycle, as shown in Figure 1, to the right 
(redrawn from [5]). The learning cycle was presented by Csíkszentmihályi [6] whereas the gaming cycle is rather 
similar to Boyd’s cycle (observe, orient, decide, act) which witnesses of its probably military pedigree. 

 

Fig 1. Flow channel according to Kolb [3] (left) and model used by Koops & Hoevenaar [5] (right) 

Garris et al. [7] propose a model for game-based learning that describes learning as input-process-output (Figure 
2). With “User Behavior” not just the technical interaction of the user with the (computer) game is meant, but also 
responses to the game as a whole, such as user attitude and engagement. Hence, “user behavior” is seen to represent 
a variety of different responses to the game (or task). Probably no single model can fully grasp the complexity of 
learning [1], and the model from Garris et al. appears to have some limitations when it comes to its suitability to 
represent lean production games: 

 
• Different participants may, in particular initially, exhibit significantly different responses. Hence, “user 

characteristics” should be part of the input. 
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• The model does not represent any changes in the instructional content. In lean production games, instructions 
may change between different game iterations as the user’s level of proficiency increases. 

• In lean production training, game characteristics change. One of the user’s tasks actually is to change these 
through suggesting, implementing, and testing improvements. 

• The model does not show the interaction with other players after each game round. This interaction is important 
for lean production training. 

 

Fig. 2: Model by Garris et al. [7] 

In order to address these issues, the authors of this paper use a model for game-based lean production training 
shown below (Figure 3). In this model, learning is a cyclic process (as in Koops & Hoevenaar’s model). The game 
cycle is represented by a loop within the learning cycle to emphasize that the game is an integral part of the learning 
process. Important activities are self-reflection and peer discussion, which usually is guided by a trainer/facilitator. 
Debriefing is important to highlight the main results from the game round(s) and to avoid any negative training. 
Moreover, debriefing usually helps the participants to formulate their own observations during peer discussion (thus 
turning tacit knowledge into explicit knowledge). The reflection and discussion phase is followed by a change 
decision which is implemented in the next game cycle. The nature and content of debriefing may vary as the 
participants’ proficiency increases. Typically, an instructor or facilitator acts as moderator during the learning cycle. 
Their role during a game cycle usually is that of observer and interaction during a game cycle is often limited to 
factual input such as clarification of the instructions. With some modifications, the model can also describe learning 
and continuous improvement in the workplace. In that case, debriefing can be led by an internal lean coordinator, 
but can also take the form of pulse meetings. 

Fig. 3. Karlstad Lean Factory model for game-based learning 
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3. Karlstad Lean Factory 

3.1. Motivation for the lab 

Simulation for training lean production ranges from simple paper-based or LEGO®-based games to larger scale 
simulation environments, for instance push car assembly. They can be used to illustrate some aspects of Lean 
production to students, usually as a complement to other exercises, and lectures. However, industry workers are 
another target group, and this group has other characteristics. When we compare factory workers with university 
students, then some characteristic differences can be: 

 
• Factory workers are more used to learning-by-doing, or implicit learning, whereas university students are much 

more used to formal instruction and guided learning. 
• Partly as a result from this, the knowledge of factory workers usually is tacit knowledge. This as opposed to 

knowledge that students possess, which often is more explicit knowledge. 
• Factory workers usually have more difficulty to transfer knowledge from one domain to another. University 

students are more used to working with analogies and their knowledge usually is more portable, even if analogies 
sometimes have to be explained to them first (Dukovska-Popovska et.al [8]). 

• Factory workers can exhibit a wider range of motivation for participation and learning; some may just attend 
“because ordered to do so” whereas other may be extremely well-motivated as they recognize the opportunity for 
professional development and improvement of their workplace. 

• Factory workers usually have a wider need for debriefing, guidance and group-reflection. For instance, to avoid 
negative training (actions that are correct in the training environment but incorrect in the workplace). 
 
The importance of the participant group becomes clear when we treat game-based lean production training as a 

form of simulation. In simulation, a model is an abstraction of a System of Interest (SoI). As explained in [9, 10], the 
suitability of a simulation model depends on its intended purpose. Figure 4 below shows the original REVVA model 
to the left, and its analogy for game-based training to the right. In essence, the training environment is a model of the 
work environment, and its suitability is partly determined by how well the learning outcomes match with the 
learning objectives. However, the degree of training transfer from the training environment to the workplace is more 
important (it is a measure for the usefulness of the learning outcomes in the work environment). For industrial 
participants, this typically requires more similarity between the training environment and the work environment than 
is the case for university students, who are more used to working with analogies. 

Fig. 4. SoI and Model for simulation (left) and derived model for game-based training (right) 

3.2. Features of Karlstad Lean Factory 

Considering the above, the idea to build a lab that would be more realistically representing a manufacturing 
environment for discrete processing emerged. Together with some companies, industrial cluster organizations, and 
some lean educators, a list of requirements (R) and desirable features (D) was established, including: 

 



1023 Leo J. De Vin et al.  /  Procedia Manufacturing   11  ( 2017 )  1019 – 1026 

• “Full size” work stations, i.e. no table-top equipment (R)  
• Ability to simulate a manufacturing line as a whole (R): 

o A combination of materials processing and assembly should be possible (R)  
• Ability to simulate a variety of processing stations in a realistic manner (R): 

o Stations should have an adjustable processing time (R) 
o Stations should have fixtures to simulate changeovers (R) 
o Possibility to simulate machine reliability/availability (breakdowns and repairs) (R) 
o Not limited to one single type of product (D) 

• Ability to simulate non-manufacturing processes (D) 
• Mobility to enable on-site training (R) 

 
Based on the requirements and desirable features above, Karlstad Lean Factory has been developed and built 

completely in-house. Currently, the lab has three types of work stations (as shown from left to right in Figure 5): (i) 
Materials processing stations for processing of single components, (ii) Multi-item processing stations (e.g., batch 
processing or kit processing), and (iii) Assembly areas. Porters trolleys are used as “trucks” for transport. 

The first two types of stations are equipped with stack lights and twin (two-hand operated) start buttons. They 
also have an electronic unit on which the processing time as well as MTBF and MTTR can be set by the instructor. 
The product currently used for simulations is an IKEA children’s chair (also shown in Figure 5). The assembly is 
easy to learn within just a few assembly cycles, which means that improvements between simulation runs are not 
influenced by increased proficiency of the participants regarding the assembly task itself. A relatively easy assembly 
task was deemed suitable as the simulations as such are a mix of materials processing and assembly; hence assembly 
is only a small part and its main purpose in many simulations is to make any upstream problems more visible. 

Fig. 5. From left to right: Single component processing station, batch processing station, and assembly area with product 

4. Experiences from lean production training & education 

4.1. Experiences reported in literature 

Pourabdollahian et al. [11] indicate that serious gaming for manufacturing education and training is a relatively 
novel area. They identify several reasons why serious gaming is a good way to educate industrial workers. These 
include the possibility for participants to assume various roles, and the possibility to take complex collaborative 
decisions without interfering with production. They also emphasize the importance of a realistic game context to 
allow participants to immerse themselves in the simulation environment. 

Messaadia et al. [12] report that a job-like training environment is important. They describe assembly of a 
LEGO®-size product, and suggest carrying out training sessions first, with delivery of theory later. This creates an 
interest to learn more about Lean production. They conclude that serious gaming is “a relevant delivery mechanism 
to learn lean principles and to improve attitude, knowledge, skills and competencies about lean production”.  
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In general, literature and lean production consultants report a number of benefits from serious gaming such as 
more engagement and better understanding of lean principles in complex settings. Mostafa et al. [13] mention that 
adequate lean production education and training can reduce the resistance towards lean transformation that may 
exist amongst factory workers. However, Thomas et al. [14] suggest that innovation in Welsh SMEs may even have 
been hindered by a too simplistic level of lean production training. Thus, the game task must be sufficiently 
meaningful and not too trivial. Gaba stresses that when training health care workers, the task must not be too simple 
[15], and work by Thorvald et al. [16] indicates a similar effect for assembly workers. 

Dukovska-Popovska et al. [8] reports on an example in which a LEGO®-based game is used to demonstrate the 
differences between alternative factory layouts. However, participants appear not to be involved in improving the 
production facility; they merely serve as operators in a demo setting (some students play the game whereas the 
others look on). Each demo is followed by a discussion. Compared to traditional lectures, absorption of the taught 
material is claimed to be much better. It is also suggested in [8] to have at least two parallel teams in order to create 
competition between teams. However, the authors’ own experience with LEGO®-based games as well as with 
Karlstad Lean Factory is that competition between teams not necessarily is just positive, due to: 

 
• The risk that the teams work so hard (in particular assembly workers) that a non-sustainable work environment is 

created. Moreover, it takes the focus away from making more fundamental process improvements. 
• The risk for negative training. Some teams “empty” the system to reduce WIP (work in process) towards the end 

of a round. This requires insight in throughput times which is positive, but in essence the team loses production. 

4.2. Experiences from training industrial employees in Karlstad Lean Factory 

After testing Karlstad Lean Factory with several groups, courses were being offered to industry after summer 
2016. Below, some more details of typical game settings are given, and some of the first experiences and 
observations from using the lab for training of industrial employees are summarized. 

The standard product used in Karlstad Lean Factory is a children’s chair consisting of 6 main components. In 
basic scenarios, only one color is used. In more advanced scenarios, two or more colors can be used, and special 
orders can consist of a chair with a combination of colors. In basic scenarios, only one assembly station is used 
(although more can be added if a team suggests this). In more advanced scenarios, multiple assembly stations can be 
used with the potential of in-sequence delivery of components. Companies can propose their own scenario or 
request changes to a standard scenario for increased similarity between the training environment and the work 
environment. 

In the most basic scenario, the starting configuration consists of 4 processing stations, each processing one type 
of component, a batch processing station, and an assembly station. Two components are purchased items. The 
processing times are identical and machine reliability is 100% (no breakdowns). The batch processing station before 
the assembly station processes a fixed number of identical parts at the time (e.g., batch of three). The stations are 
spread out over the floor space; transports are carried out in batches using a porters trolley. At the end of each round, 
a “financial result” is calculated. It is based on the number of produced chairs, the number of workstations and 
operators, and WIP levels. 

Typical improvement suggestions from participating teams include moving the stations together, and gradually 
changing to a single-item flow. However, a wide range of other changes including additional “trucks” are sometimes 
suggested. Sometimes, teams wonder if processing times can be reduced. It can be demonstrated that this only has a 
marginal effect on overall performance by allowing a team to run a game iteration with reduced processing times as 
the only change. Only very few of the teams suggest to make the purchased items in-house when they reduce the 
number of operators in their team, so this usually has to be brought up during final debriefing.  

Different teams can take the game in different directions by suggesting different changes, implementing them 
differently, or implementing them in a different order. Hence, the game scenario is developed by the players (under 
guidance from the instructor) based on an initial situation. This is depicted in the model from Figure 3 where it is 
suggested that certain initial conditions may change as the game progresses. 

The authors’ experience is that there is a distinct difference between a simulation with a homogeneous group or 
with a mixed group. Students or production managers and team leaders (not unusual for courses belonging to 
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national competence development initiatives) usually already possess some theoretical knowledge regarding lean 
production. At the start of a simulation session with a whole SME or participants belonging to a cross-section of a 
company, typically some people have a notion of lean production whereas others (often the majority) have not. This 
also puts different demands on the instructor, for instance potential situations that the instructor may need to handle 
in the case of mixed groups could be: 

 
• The participants propose changes that obviously will lead towards the wrong direction. Must the instructor 

interfere by coaching the group, or let them go ahead and let them learn from a mistake? 
• Non-native speakers or participants from an underrepresented group (e.g., female shop floor workers) may 

sometimes encounter difficulties to participate in the peer discussions. Instructors need to be vigilant for this. 
• Managers may sometimes tend to push their own ideas too hard and as a result, won’t let operators participate in 

the discussion properly. In this case, the instructor needs to act.  
 
The latter situation is not uncommon in industrial practice, for instance [14] reports on a similar issue in 

innovation networks. The authors have also visited a company where a manager stated “I only approve improvement 
suggestions that I know for certain will work”. That resembles the attitude criticized by Konosuke Matsushita in an 
address from 1979 to western industry: “For you, the essence of management is getting the ideas out of the heads of 
the bosses into the hands of labor.”. On the other hand, our experience is that company management usually let the 
operators take the lead during peer discussion and the generation of improvement suggestions. 

It happens relatively often that operators initially focus on making small improvements to the processes they are 
responsible for. In that case, it is important to gradually introduce them to the overall picture as shown in Figure 6. 
Since the “machines” have pre-programmed cycle times, it can be demonstrated that improvements in performance 
during the game result from a smarter way of working, and not from “shaving off” some seconds from the cycle 
times. Often, this is quite an eye-opener for operators (who often suggest shortening cycle time or increasing the 
number of transport trucks). It also demonstrates the importance of maintaining a holistic approach as per Figure 6, 
and not just focusing on work station level.  

Fig. 6. Time perspectives for different levels of improvement focus 

During one session in Karlstad Lean Factory, two teams made relatively similar layout changes but one team did 
not adapt the internal communication to the new situation and ended up with serious problems and failed to deliver 
any complete product. This demonstrates that the teams have a large influence on the conditions under which the 
game is played. It also shows that lean production games make it possible for participants to test various options and 
to make mistakes without any serious consequences. This reduces barriers (and reluctance) to try something new. 
This usually stimulates active involvement of all participants, in particular if the instructor pays attention to this. 

It is not uncommon for groups to make improvement efforts that initially have the opposite effect. This usually 
prompts them to reflect on the root causes of the problem they try to solve. For instance, when transport is a 
bottleneck, then more trucks may not be the solution. It usually takes several rounds before the improvements begin 
to take effect and the “factory” starts to operate with profit. This teaches participants three important lessons: 

 
• Do not give up too easily. This is a common mistake in industry, where lean production initiatives often are 

aborted when they do not instantly deliver the effects that literature and consultants promise. 
• It can take a number of improvement cycles before initial frustration is turned into a feeling of success. 
• It is usually through a combination of various measures that major improvements are achieved, not by making 

isolated changes. 
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Feedback from participants include that visualization is superior to that of tabletop games and that the system 
provides more feedback. Some comments included that playing several rounds in Karlstad Lean Factory might also 
help to understand LEGO® based games better. This is in line with our intention to use the lab in combination with 
other training and teaching methods. The lab has also attracted attention from Healthcare organizations, and may 
also be used in nurse training programs. One interesting simulation session was carried out with groups from 
university management, who despite having no experience from manufacturing expressed that the lab’s visualization 
of flow problems (pile-up and waiting) was a good learning experience. Thus, it seems that Karlstad Lean Factory 
has been well received by industry and that future extension of its use to other sectors may be possible. Future use 
may also include on-site training at larger companies with the option to use their own lean production instructors. 

5. Conclusions 

Literature on game-based lean production training emphasizes the importance of a realistic task and a realistic 
training environment. This, and input from industry, motivated the building of an “instructional factory” called 
Karlstad Lean Factory, which realistically mimics a factory environment. Models from literature have inspired two 
models that describe game-based lean training and its connection with the participants’ work environment. The first 
experiences from training industrial workers have demonstrated that participants learn from making mistakes and 
that they learn not to give up too easily when initial results point in the wrong direction. Depending on the 
participant group, different physical layouts can be created, and parameters like breakdown intervals and repair 
times can be set for more advanced participants. The product range can also be varied. Thus, a range of industrially 
relevant situations can be simulated. 
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