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Abstract. Models for continuous improvement processes and for game-based 
learning currently have some drawbacks. Based on work with Karlstad Lean 
Factory®, a dual model for game-based learning and improvement processes is 
presented. This model also shows instructional scaffolding, and there is evidence 
that its use stimulates training transfer. A natural step is to extend the use of full-
scale lean production simulators to a novel use as innovation testbeds. This can 
lower the threshold for production innovation in SMEs. A small case study shows 
how this novel use can be organised, with several benefits for the company. 
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1. Introduction 

In previous work [1], the Authors have described the design and use of a flexible full-
scale simulation environment for Lean Production (LP) training and education called 
“KLF Karlstad Lean Factory®” (KLF for short). The current paper builds upon this 
work, for instance in a further development of the model describing simulator-based 
training, an almost identical model is used to describe continuous improvement in the 
work environment. By using similar models, training transfer to the work environment 
is stimulated, as demonstrated through participants’ reactions like “We started looking 
at our workplace in the same way we looked at KLF during our training”. 

Recently, the Authors have started to use the simulator as a testbed for innovative 
production solutions. Together with a company, KLF is configured so as to emulate 
one or some of their envisaged production solutions. This can be challenging but it is 
an important stage for the company, as it requires distinguishing between essential 
process characteristics and lesser details. This typically is a two-tier process with blue-
collar workers involved in the second phase. Involving all production employees in 
modelling their production has two major benefits: (i) the participants feel involved 
straight from the start, and (ii) participants understand the analogy between the 
simulator and their work environment. Still, KLF is sufficiently different from the 
actual work environment to stimulate creativity, an effect also reported by Aures [2]. 
Moreover, “mistakes” made during a KLF simulation have no consequences other than 
being a learning experience. The effect of training transfer is elucidated by the fact that 
after the simulations, participants tend to continue seeking further improvements. 

One future research challenge emanating from industrial needs is the development 
of self-assessment tools fit for “daily” use in manufacturing SMEs. Such tools would 
include environmental impact assessment of innovative production solutions as well as 
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assessment of “Lean maturity” and self-learning capability of a company. Current tools 
are often designed for infrequent consultant-led interventions, and are in their present 
form too cumbersome for regular use by SMEs. Moreover, they usually do not address 
inclusion and equality as indicators, which are related to the so-called “8th waste”, 
unutilized human potential/creativity. 

2. Linking Lean Production Training, Continuous Improvement, and Learning 

Existing models for game-based learning and for continuous improvement are often 
experienced as complex and abstract, both by LP training participants and by LP 
educators. Models such as the Lemniscate model [3] are usually too complex to support 
game scenario design and they are definitely too complex to explain the improvement 
and learning process to LP training participants. Furthermore, these models usually do 
not address two important aspects of LP training, being (i) training transfer from the 
training to the work environment (described by Luttik [4] as “That almost magical link 
between classroom performance and something which is supposed to happen in real 
world”), and (ii) organisational learning. 

A popular model to describe continuous improvement processes is the PDCA cycle 
(Plan-Do-Check-Act) shown in Figure 1, usually attributed to W. Edwards Deming. 
However, various interpretations of this cycle exist. Some authors replace “Act” with 
“Adjust”, and others replace “Check” with “Study”. The latter modification reportedly 
is also Deming’s preferred interpretation as “Study” suggests a learning step [5]. 
Moreover, various LP practitioners and consultants tend to use the model for various 
levels; from anything like small improvement steps in the work place to strategic 
decision making on business level [6]. This needs not be a problem as such, but it 
means that the descriptions of the steps and activities within each phase can differ quite 
much, depending on the organisational level and the type of the improvement process 
at hand. This often leads to confusion, according to Radziwill even amongst 
professionals [7]. Thus, despite its popularity, this model may not be the best choice 
when explaining improvement processes to LP novices. 

 
Figure 1: PDCA model as stand-alone loop and as cascade of iterations 

 
Having identified the difficulties that LP training participants in KLF had in relating 
the training activities to the PDCA (or PDSA) model, the Authors started to use a 
model that is more of a descriptive nature. The model has more focus on how 
participants learn to see opportunities for improvement than on suggesting a problem-
solving recipe. Responses from KLF training participants, students and industrial 
workers alike, are positive and indicate that the model is perceived as intuitive. A first 
version of the model has been presented in [1]. With some relatively minor changes, 
the same model can describe continuous improvement in the work environment. This 
dual model is shown in Figure 2. The left part (presented in [1]) describes simulator-
assisted LP training, and the right part improvement in the work environment. 
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Figure 2: KLF dual model describing training cycles (left) and improvement cycles (right) 

 
The model to the left shows LP training. Not shown is the instruction session that 
precedes the first game round. After each game round, there is an instructor-led 
debriefing session. This phase is followed by peer discussion. Self reflection is present 
throughout the whole process, but is usually concentrated this just before and during 
peer discussion. The instructor is active during peer discussion for instance to provide 
advice or theoretical background, but also to ask questions (“kata”) that act as a catalyst 
for the peer discussions. After a change decision, the next game cycle is executed. A 
main difference between this model and other models for experiential learning such as 
those found in [3] is that the game cycle is placed within the learning cycle. The model 
also is of descriptive nature whereas LP training participants often experience 
PDCA/PDSA as prescriptive. The major benefit however is that the Authors’ model 
can be adapted easily to represent continuous improvement in the work environment as 
shown in Figure 2, to the right. 

There are only some minor differences between the two versions. What is the 
game cycle during training becomes a production cycle in the real world. The learning 
cycle is replaced by an improvement cycle, and what was an instructor-led debriefing is 
replaced by own observations during actual production. This analogy stimulates 
training transfer. As an example, after one training session with a small company, a 
group of blue-collar workers suggested to make an opening in a wall to reduce 
transports and to improve communication between departments. Asked by company 
management how they arrived at that idea they responded: “We started to look at the 
factory in the same way we looked at KLF during the training”.  

Another difference is that an instructor is actively present within the learning cycle. 
In the improvement cycle, the instructor is being replaced by a coach/facilitator whose 
role gradually decreases. This difference over time illustrates a process called 
“instructional scaffolding” by Wood et al. [8]. A KLF training session typically starts 
with an introduction including game instructions to make sure that participants have a 
common view of the task and a common vocabulary (particularly important when 
training employees from different companies in one group). During the training, they 
receive feedback mainly from the instructor but sometimes also from more experienced 
peers. This provides a “scaffolding” that allows the participants to reach a level of 
proficiency that they would not be able to reach on their own. At their workplace, this 
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scaffolding is removed gradually; the coach or facilitator moves to the background 
more and more while the participants individually and as a group make learning 
progress through their proximate zone of development. It is not only possible for the 
coach to move to the background, it is also a condition for organisational learning. 
Learning takes place in what Dixon [9] calls “hallways of learning” where new 
collective meaning is constructed by a group through egalitarian dialogue with multiple 
perspectives. Expert knowledge from outside the group (such as from a coach) may 
inform this process but cannot replace it; too much of it actually hinders the group to 
explore alternative solutions. When the learning process is positively focused towards 
possibilities and opportunities, unexpected and innovative directions can emerge [9]. 

3. Enablers and Barriers for Innovation 

Having established above that LP training can result in innovative thinking, it is 
worthwhile to look closer at other innovation enablers, but also at barriers or perceived 
barriers for innovation. Cordeiro and Vieira [10] have compared surveys from several 
countries and found that common perceived barriers are lack of financial and human 
resources, lack of information for informed decision-making, uncertain benefits, and 
lack of cooperation with R&D performers. Freel [11] identifies efficient informal 
communication as one of the innovation enablers specific for SMEs. Thomas et al. [12] 
state that management should be engaged in the innovation process but should not be 
“controlling” it to the extent that employee empowerment is affected negatively. 

A study carried out by the industrial development centre IUC/S&V amongst SMEs 
in the Värmland region (Sweden) shows that a competent workforce is crucial. Many 
companies report that production development is important for a competitive position 
in an international marketplace. This results in a necessary focus of the available 
workforce on improving current production, which can hinder strategic innovation 
efforts. Thus, most companies see only limited urgent need (or room) for interaction 
with R&D providers, which in turn is not contributing to their innovation capacity. 
Nevertheless, innovation capacity as such is identified as a key factor for future success. 
In comparison, a company like WILA in The Netherlands states that they typically 
need around 35% external R&D effort for their innovations to materialise, highlighting 
the need for both internal innovation capacity and the presence of external actors. At 
the same time, most companies in Värmland are well aware of the potential that LP 
simulators like KLF have for competence development. The threshold for using the 
simulator purely as a training environment is relatively low. For companies that 
recognise the potential for more advanced simulations, the availability of KLF is an 
innovation enabler. Moreover, since many of Karlstad University’s engineering 
graduates have been trained using KLF, there is an alignment between expected and 
actual competence profiles, which provides both a good recruitment base for companies 
and potentially tighter connections between local industry and the university. 

4. Using Karlstad Lean Factory® as Innovation Testbed 

Due to the flexible nature of KLF, it is possible to simulate a wide range of production 
environments as long as the processes are discrete. This suggests that the simulator can 
be used as testbed for a range of innovative production solutions, as described below. 
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4.1. Participatory Modelling and Simulation 

Modelling an innovative future production solution in KLF can be challenging. 
However, this is an essential characteristic of using a model [13]. Moreover, it forces 
those who participate in the modelling activity to focus on the main characteristics of 
the envisaged production solution. Although it is possible to simulate an envisaged 
production environment with the use of computer simulation, a simulation with 
physical equipment like KLF is immersive which stimulates engagement and feedback 
from production operators. Nevertheless, computer simulation may be used during an 
optimisation phase once a design of an overall production layout has been established. 

Participatory modelling and simulation has the advantage that it stimulates 
dialogue, which makes it easier to grasp tacit knowledge from shop floor operators. It 
also stimulates engagement, and increases acceptance of the simulation results. Stirna 
et al. [14] suggest 5 roles for participatory modelling: (i) process owner, (ii) facilitator, 
(iii) modelling expert, (iv) modelling tool operator, and (v) domain expert. For 
Participatory modelling and simulation using full-scale LP simulators, some roles can 
be combined. The process owner can be the production manager of a company, or in 
the case of SMEs possibly the managing director. The facilitator typically is both a LP 
expert and an expert on the simulator. Thirdly, domain experts can be a variety of 
company staff, machine operators in particular. A particular task for the facilitator is to 
monitor inclusion throughout the process. Inclusion as indicator for LP maturity is 
difficult to measure, in particular in SMEs (as employees may be reluctant to reveal or 
report problems regarding inclusion). Moreover, inclusion is not mentioned as a 
measure for organisational learning and LP maturity by Shah and Ward [15], and only 
indirectly by Chiva et al. [16]. However, with some minor modifications, the model by 
Chiva et al. seems apt for self-assessment by SMEs. 

4.2. Experiences from Karlstad Lean Factory® 

A KLF participatory modelling process usually involves a discussion with white-collar 
workers in order to define the objectives, scope and limitations of a simulation, 
followed by modelling involving all staff. In one case described in more detail in [17], 
a slightly different approach was taken. The case company wanted to develop and test a 
new production layout in conjunction with a major expansion of the factory. Blue-
collar workers were involved right from the start and they generated 32 partial 
suggestions for a new layout. These suggestions were subsequently synthesised by a 
facilitator into four distinctive overall proposals, one of which was selected by the 
blue-collar workers for simulation in KLF. This resulted in extremely high engagement 
and the one employee who was sceptical at first changed attitude completely once the 
simulation was underway. Two alternating groups carried out the simulations, meaning 
that each employee changed roles between participant and observer. This stimulated 
reflection and discussion. The employees continued along this line afterwards; they 
generated some more layout suggestions after the simulations. This is in line with LP 
training, where the target is not to solve a specific problem, but rather to train problem-
solving and opportunity-seeking capabilities. An added bonus was that not all floor 
space was needed for the new production layout. The floor space extension had been 
dimensioned using an estimate based on the old layout, but the new layout proved to 
make much more efficient use of the available space. This illustrates the potential 
benefits from involving blue-collar workers in production development processes early. 
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5. Conclusions 

The link between LP training, continuous improvement, and organisational learning 
can be strengthened by using a simple descriptive model that makes sense to LP 
training participants. Flexible full-scale LP training simulators like KLF have the 
potential to serve as innovation testbeds through simulation of envisaged production 
solutions. Such simulations can provide a basis for informed decision-making and thus 
lower the threshold for innovation. A study in Värmland identified innovation capacity 
and competence development as major success factors for regional industry. 
Participatory modelling stimulates employee involvement and can unlock creativity. 
Moreover, it can result in sustainable attitude changes. 
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