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ABSTRACT
Assembly processes can be optimized with various methods. However, it is difficult
to evaluate the effectiveness and interaction of these methods. To date, shop floor
improvement methods in series production, such as the methods under investigation
5S, Poka Yoke, Kanban, and Standard Work Sheet, have not been scientifically
analyzed using a business simulation. This study is aimed at closing this research gap
by conducting a business simulation and analyzing the generated data using the design
of experiments. This combination represents a new form of research. For the design
of experiments, full factorial design with four factors was used. Lead time is selected
as the KPI. By analyzing the lean methods that were investigated in this study, both
main effects and interactions were found. Results show that it is useful to apply at
least one optimization method, whereby Poka Yoke has the most significant impact
on the lead time. Researchers in the field of optimization methods can base their
investigations on this study.
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1. Introduction and Motivation

Globalization and technological innovation, just to name a few of current megatrends, lead nowadays to a high number
of challenges for companies. To be successful, companies are forced to rise up to these challenges. The adaptation of
business processes to meet the market requirements is a significant way to do so (Dombrowski/Crespo, 2008). Shop floor
processes can be optimized by a lot of different tools and methods (Schmitt/Pfeiffer, 2015), including for example Poka
Yoke, 5S, Lean Management, and Kanban. An efficient transfer of these methods into their manufacturing chain is a
challenge for many companies. Not only the choice of the right method but also the effectiveness of the respective method
is difficult to estimate (Dombrowski/Crespo, 2008). Companies are often not able to evaluate whether process efficiency
and effectivity have been increased or not, after the implementation of these methods (Suzaki, 1993). Even experts in
this field can only assess this based on their experience. Current research states, that a vast number of different methods
for manufacturing optimization are available (Baumgaertner, 2006). To address this real-life problem, the impact of lean
methods on the assembly of a series production is quantified through a business simulation at a model factory. A business
simulation is a reproduction of reality as a dynamic model that is used to research and reproduce processes, for which an
implementation in reality would be too expensive, time-consuming and fraught with risk (Hitzler et al., 2011). To date,
lean methods in series production have not been scientifically analyzed using a business simulation. A business
simulation presents an academically recognized method (Duke, 1996). Nonetheless, experiments like this have not been
conducted yet. The following challenges are based on the choice of the right tools and methods and the right setup of the
experiment, including the collection of data and the human factor. This study aims at closing the research gap by
systematically analyzing series manufacturing. The following main hypothesis is given:
“The effectiveness of selected lean methods can be demonstrated via a developed model in form of a business
simulation”.
Out of this, further hypotheses for each lean method can be derived:
“The effectiveness of Poka Yoke can be demonstrated via a developed model in form of a business simulation”.
“The effectiveness of 5S can be demonstrated via a developed model in form of a business simulation”.
“The effectiveness of Kanban can be demonstrated via a developed model in form of a business simulation”.
“The effectiveness of Standard Work Sheet can be demonstrated via a developed model in form of a business simulation”.
A model, consisting of a business simulation, which supports the assessment of the usage of lean methods in the
assembly, was developed to test the hypotheses. Therefore, a systematic analysis of series assembly with a simulation
and the hereby generated data using design of experiments (DoE) is conducted to close the research gap. Additionally,
the deployment of lean tools in assembly is measured and evaluated. Consequently, enterprises can gather indications
that have been empirically verified based on the impact of different methods. They can take these into account during
the selection process for the right optimization method within their own company.

2. Literature Review

Based on detailed literature research, the field of process optimization methods is extensive. Lean Management, Process
Management, Six Sigma, and Total Quality Management can all be identified as popular approaches regarding process
optimization. Of these, Lean Management is one of the most popular approaches (Arnheiter/Maleyeff, 2005). Hence, the
impact of selected lean methods will be tested as part of a business simulation and evaluated with the design of
experiments. Therefore, Lean Management and selected lean methods, as well as business simulation and the design of
experiments, will be considered after defining process optimization methods after demonstrating the need for process
optimization.

2.1 Need for Process Optimization

Today’s megatrends lead to various challenges for companies. To remain successful businesses are forced to cope. The
adaptation of business processes to meet market requirements is a significant way to do so (Dombrowski/Crespo, 2008).
As companies face an increasing environmental complexity (Nadarajah/Kadir, 2014), continuous process improvements
are needed to survive in a dynamic competition (Gibbons/Burgess, 2010; Allweyer, 2005). Four megatrends reinforce
the need for process optimization. They are characterized as follows:
1. Globalization of markets: Globalization represents the increasing fusion of economic areas, which leads to
predatory competition (Arndt, 2015; Rothlauf, 2004). The creation of competitive cost structures through efficient
process design is indispensable (Allweyer, 2005).
2. Increasing customer requirements: In globalized markets, supply exceeds demand. This dominance of the buyer
side shapes the concept of the buyer market (Rothlauf, 2004). Due to the dominance of demand, companies are
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obliged to respond to customer wishes and the demands for increasingly individualized products (Arndt, 2015;
Kumar/Harms, 2004). A high degree of business process flexibility is required to meet fluctuating customer needs
(Singh/Singh, 2012).
3. Technological progress: Technological progress provides companies with new opportunities for the rapid spread
of information (Aparecida da Silva/Pelogia Martins Damian/Dallavalle de Pádua, 2012) and opens up new
distribution channels (Allweyer, 2005). On the one hand, technological advances enable the cost-effective and
efficient design of business processes, on the other hand, they require the integration of new technical features into
products (Arndt, 2015).
4. Shortened product lifecycles: The product lifecycle (the period between the release of a product and its replacement
by successor products) becomes increasingly shorter due to the first three megatrends mentioned before (Allweyer,
2005; Arndt, 2015). A company has a competitive advantage if it can bring new product innovations to the market
faster than its competitors (Allweyer, 2005). To survive in times of increasingly shorter product life cycles, efficient
design and speed-up of development processes and market launches are necessary (Allweyer, 2005).
Adapting to these changed conditions should not be a one-off task, but an ongoing process (Schmelzer/Sesselmann,
2008).

2.2 Process Optimization Methods

“Process optimization methods” refer to the improvement of existing business processes by applying certain methods to
operate successfully in the market (Kruse, 2009). The fulfillment of crucial customer requirements, such as high product
quality, can be promoted by identifying weaknesses in a process and improving them
(Gericke/Bayer/Kühn/Rausch/Strobl, 2013). Process optimization methods are used for this purpose. They provide
systematic approaches for the design of efficient processes and thus for the improvement of products and services
(Alby/Braun/Pfleger,
n.d.).
Karlstedt (2013) defines a process as a series of correlating activities that transform inputs into results (Karlstedt, 2013).
In a business context, it is equated with the term “business process”. A business process is related to a collection of
activities that provide value for the customer (Hammer/Champy, 1994). “Optimization” means that the best possible
solution for a given problem is sought (Stiller, n.d.). Finally, "method" stands for a clearly defined process to achieve
defined goals. Methods are based on rules and instructions (Alby/Braun/Pfleger, n.d.). Process optimization distinguishes
between evolutionary and revolutionary optimization. Evolutionary process optimization deals with step-by-step
improvements in day-to-day operations. There are no effects on existing processes (Pohanka, 2010). To improve
motivation, evolutionary process optimization involves the employees in the change process (Thaler, 1999). Thus, it
represents a hybrid approach (Pohanka, 2010). The revolutionary process optimization deals with the redesign of business
processes within the framework of business process engineering (Pohanka, 2010). It is organized in project form and
follows the top-down approach. Revolutionary process optimization has an impact on other processes and often implies
staff resistance (Pohanka, 2010; Arndt, 2015).

2.3 Lean Management

Lean Management is a process optimization method that has its origins in Japan and the Toyota Production System
(Ohno, 2013). Thus, it has its roots in the automotive industry. However, it is not only applied in this sector but in many
other industries, too (Dickmann, 2015). Regardless of the sector where it is applied, the aim of Lean Management is to
identify and eliminate waste in production processes to provide good quality in a short delivery time at the least possible
costs (Bertagnolli, 2018). The process is focused on the customer and their satisfaction, so dynamic customer
requirements should be fulfilled (Pfeiffer/Weiß, 1992). Because Lean Management is considered a philosophy, every
single person within the company must live this philosophy (Asbach/Kamp, 2014).
Lean Management consists of different lean principles. Various authors have created different principles, but one of the
most popular principles is the five principles of lean thinking by Womack and Jones (Womack/Jones, 2013). The five
principles are called value, value stream, flow, pull and perfection (Campos, 2013). The value of a product or service
is defined by the customer and generated by the organization. The requirement for implementing this principle is to know
the customer’s needs (Womack/Jones, 2013). The second principle is the identification of the value stream, which
means that the entire supply chain has to be analyzed (Womack/Jones, 2013). Activities have to be differentiated between
valuable, non-valuable and non-valuable but needed activities (Dall’Agnol et al., 2003). Customers are not willing to
pay for non-valuable activities. For this reason, these activities are waste and have to be eliminated as fast as possible
(Gorecki/Pautsch, 2013). The third principle “flow” means to ensure a production process without any interruptions
(Dall’Agnol et al., 2003). A continuous flow is achieved, when the products flow continuously in a steady stream through
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the production. This leads to a reduction of lead time and waste (Liker/Meier, 2013). This principle is followed by the
pull principle, which stands for a production that is initiated by the customer to ensure a demand-oriented production
(Asbach/Kamp, 2014). In this way, overproduction and high inventory can be avoided (Womack/Jones, 2013). Tools
that can be used to adhere to the pull principle are e.g. Kanban or Just in Time (Bertagnolli, 2018). Lastly, the principle
perfection or a rather continuous improvement means an endless aspiration to perfection (Asbach/Kamp, 2014).
Constant improvement of processes allows an organization to make products in shorter lead times and at lower costs
(Campos, 2013). Methods, which can help implement this principle are for example Kaizen or the PDCA cycle
(Bertagnolli, 2018). To adhere to these principles and to establish a lean production without waste, a large number of
different lean methods and tools exists.

2.4 Selection and Definitions of used Methods and KPI

In the following, different lean methods are going to be selected, to identify their impact on the assembly of a series
production. Therefore, a prevalence study (sample size of over 80 papers and books) was conducted. Moreover, a group
discussion with seven experts in the field of assembly optimization was held and a quantitative survey in 2016 was
conducted. These three pre-investigations serve as a basis for the selection of methods used in the business simulation.
Altogether, over 70 lean methods were found. For the selection of the most popular lean methods, only those methods
were considered, which had been included in all three pre-investigations. Taking these requirements into account, the
methods 5S, Poka Yoke, Kanban, and Standard Work Sheet were selected as lean methods to be investigated in this
study. As an example, Kanban is the top method regarding the prevalence study in literature with over 50 mentions in
papers and books. Key Performance Indicators (KPIs) are suitable for verifying the effects of the used process
optimization methods since their meaning allows a quantitative statement about the competitiveness and efficiency of
the production system (Amann/Petzold, 2014; Sennheiser/Schnetzler, 2008). The KPI, which is measured in this study
is the lead time. The lead time is defined as the period between the start (first process step) and the end (last process step)
of an order (VDI 2870-1, 2012).
Subsequently, the four lean methods under investigation will be defined briefly.
The basic concept of the 5S method is the identification and elimination of major sources of waste, which leads to
productivity in the business (Land et al., 2008). It concerns every workplace and is achieved through a clear
standardization of each activity. The approach is comparatively cheap and improves profitability, efficiency, service, and
safety at the workplace (Jaca et al., 2014). In addition, it can be applied in manufacturing as well as in administrative
areas (Lunau et al., 2014). 5S stands for five Japanese terms:
1.
2.
3.
4.
5.

Seiri (Sort: For an initial reorganization of the workplace all items that are not required for a certain activity or are
available in duplicate are eliminated) (Becker, 2001)
Seiton (Set in order: For an efficient arrangement of relevant tools and materials every item has its place nearby in
chronological order so that search times can be reduced) (Redmile, 2011)
Seiso (Shine: Required materials should be clean and an overview of the workspace should be given) (Morrisette,
2009)
Seiketsu (Standardize: Operating instructions and plans should be implemented and standardized for daily use at
each workplace) (Dombrowski/Mielke, 2015)
Shitsuke (Sustain: The points 1 to 4 should be implemented sustainably and improved) (Ho, 1999)

5S is an easy-to-understand method, which requires a minimum implementation effort (Jaca et al., 2014). The removal
of redundant tools and a sensible workspace layout result in the elimination of waste like search times and thus increases
productivity (Neuhaus, 2016; Gorecki/Pautsch, 2018). It is important to involve the employees in the implementation of
5S. Visible success within a short period of time can lead to an increased work morale of the workforce and a greater
willingness to be open for change (Bertagnolli, 2018). By creating and maintaining an organized, clean and highperformance work environment, the concept of 5S forms the basis for further use of other process optimization methods
and the ongoing implementation of Lean Production in business (Lunau et al., 2014; Bertagnolli, 2018).
Poka Yoke depicts a Japanese fault prevention method (Sondermann, 2013) using physical and technical provisions
(Kamiske/Brauer, 2011). It is aimed at enabling zero-defect processes (Shingo, 1986) and the achievement of outstanding
quality by not accepting mistakes and by taking measures to avoid them long term (Lunau et al., 2014). The focus lies
on human labor-controlled processes since they are considered to be highly error-prone (Kamiske, 2015). The
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deployment of the Poka Yoke method can help identify and avoid these error sources in the production process
(Theden/Colsman, 2013).
“Poka” is Japanese for an unfortunate mistake and “Yoke” means “to prevent” (Theden/Colsman, 2013). Altogether,
“Poka Yoke” stands for the avoidance of unintentional mistakes (Kamiske/Brauer, 2011). The concept of Poka Yoke
assumes, that people are not able to completely avoid unintentional errors, which can lead to defects in the manufactured
products. For this reason, technical systems are used to prevent these unintentional errors occurring in the production
process (Kamiske/Brauer, 2011). The basis for the implementation of Poka Yoke is the recognition of possible faults and
the introduction of relevant measures. Firstly, any possible faults have to be identified. The faults and concerned
processes must be analyzed to develop and select a solution to prevent any identified faults (Lunau et al., 2014; Lunau
et al., 2013). The production process should be designed in a way, that errors cannot be made and therefore will be
avoided (Fisher, 1999). Lastly, the developed solution is implemented and its effectiveness in preventing unintentional
mistakes is checked (Lunau et al., 2014; Lunau et al., 2013).
An advantage of this method is that other process steps, such as quality control, are already carried out in the existing
process steps and therefore no longer have to be conducted afterwards (Black, 2008). Moreover, it is applicable in a short
period of time and without the need for high investments. The measures of Poka Yoke result in improved production
processes and products and thus in a reduction of poor quality costs (Gorecki/Pautsch, 2018). Finally, the measures
should be developed together with the employees on the shop floor (Sondermann, 2013), and this leads to greater
acceptance by the employees (Gorecki/Pautsch, 2018).
Kanban, like Lean Management, also has its origins in Japan. It was developed by Taichi Ohno and implemented in the
Toyota Production System (Dickmann, 2015). The word “Kanban” is Japanese and means “card”. It represents a method
for production process controlling to realize a just-in-time-system for inventory reduction (Ohno, 1988) and is a selfregulating system, which was designed to prevent waste through overproduction (Weber, 2009; Takeda, 2014). This
means, that the required materials are provided at the right time at the right place in the right quantity (Zelewski et al.,
2008). Therefore, it serves the concept of demand-oriented assembly (Womack/Jones, 1996), so assembly only starts on
demand (Erlach, 2010). A Kanban system consists of a self-guiding control loop, which consistently initiates new
demand. Different Kanban systems like Production Kanban or Transportation Kanban can be distinguished (Takeda,
2014).
The key element, when using Kanban, is the Kanban card. This card contains all important information for employees
and management like quantity, material number, storage location and more (Weber, 2009). Manufacturing is triggered
by these Kanban cards, which accompany the respective product until consumption (Schulte, 1991). Consequently, the
pull-concept is implemented operatively by Kanban cards (Suri, 2010). There are several versions of Kanban existing,
depending on the box itself and the number of boxes. Every box with material contains a Kanban card. If the material in
the box is used up, the card must be pinned to the Kanban board, which triggers a new demand. Depending on the Kanban
version, which is implemented, the new demand will be triggered, when either the first material is taken out of the box,
when half of the material is used up or when the box is empty (Dickmann, 2015). Consequently, Kanban is structured
like a cycle and is easy to implement, so that there are fewer disturbances (Dickmann, 2015). All in all, Kanban presents
both, a simple and transparent control system and the possibility to minimize time-wasting (Sugimori, 1977).
The Standard Worksheet (SWS) is one of the main tools of standard work (Nicholas/Soni, 2005). It is an organizational
resource, which can support the analysis, optimization, standardization, and documentation of work processes
(Clement/Lacher, 2016). The SWS is a motion diagram, which shows the flow and layout of a process (Yagyu, 2009;
Cudney et al., 2013). It has a clear starting and ending point and depicts the single steps, the employee has to do in their
process (Nicholas/Soni, 2005). The worksheet contains a drawing of the workplace, the required auxiliary materials and
both cycle time and frequency are indicated. Moreover, steps that need special quality checks or safety precautions are
highlighted (Zidel, 2006). Each worker gets their standard worksheet, which is displayed in a prominent position in the
workplace (Cudney et al., 2013).
The SWS method is used as a management tool by middle and lower management. It is applied to recognize and eliminate
deviations from the standard because a process without waste is aspired. Therefore, the process has to be challenged for
improvements continuously (Reitz, 2008). Because of the detailed description of the working steps, the SWS can also be
used for the training of new workers (Yagyu, 2009). Altogether, the goal of the SWS method is to maintain a defined
quality standard and to avoid errors due to a lack of knowledge of the work process (REFA, 2015).

2.5 Business Simulation
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A Business Simulation is an instrument to reduce the complexity of real processes to transfer them into a situational
model for reproducing economical relationships (Bloetz, 2015). In general, it is a scientifically accepted type of
experiment (Bloetz, 2015). It can recreate situations that need a lot of planning. In doing so, a better comprehension and
assessment can be achieved (Shah/Ward, 2003). The application of business games leads to an active integration of the
participants and an interaction within the model (Ulrich, 2006). Moreover, it is advantageous to conduct the business
games in neutral surroundings to unleash creativity and to eliminate organizational blindness (Künzel/Schrader, 2016).
Participants experience an extract of a real process, in which determining factors can be varied arbitrarily to understand
interdependencies (Stauberg et al., 2009).
Business simulations can be used for education, assistance and research purposes (Herz/Blaette, 2000); they are low cost
and need little effort. It is a tool for companies to gain a competitive edge (Crookall, 2010). In the framework of this
paper, a business game was developed to demonstrate the effectiveness of chosen lean methods.

2.6 Design of Experiments

The Design of Experiments (DoE) is used in the framework of planning and evaluating experimental series (Siebertz et
al., 2010). The basis for the execution of the DoE is available data, which are gained through a series of experiments
(Wieczorek, 2009). The runs are subject to the same frame conditions (Rath & Strong Management Consultants, 2008).
By means of the experiments, the DoE enables the generation of newly gained knowledge (Geiger/Kotte, 2008). The aim
of the method is the analysis of cause-effect-relationships between process variables (X), which are called factors, and
measurable output variables (Y) (Rath & Strong Management Consultants, 2008). Hence, the change of output variables
through the variety of factors can be statistically obtained. (Stagliano, 2004). Thereby, it can be determined, which factors
have the strongest impact on the measured variable and which settings or combinations of factors lead to an improved
and optimized process (Additive Soft- und Hardware für Technik und Wissenschaft GmbH, 2011). The identification of
statistically significant effects occurs through the analysis of the p-value. This p-value is a defined level of significance,
which is determined by the probability of error. This probability of error is to be as small as possible (Rath & Strong
Management Consultants, 2008).
To analyze the effectiveness of different optimization methods, the full-factorial design of the DoE is suitable, which
considers all possible factor combinations (Rath & Strong Management Consultants, 2008). In addition to the effects of
the factors itself, the interdependency effects are taken into account. The effects of the sole factors are called main effects
(Stagliano, 2004). They contain the difference of the mean values of a response variable through the variation of one
factor (Additive Soft- und Hardware für Technik und Wissenschaft GmbH, 2011). In contrast, the interdependency
effects take into account the variation through a combination of two or more input variables (Stagliano, 2004).
All in all, the DoE is a particularly economical and effective method to conduct experiments (Kuehl, 2009) and is widely
spread, because of its standardized procedure and its high universality in engineering studies. For this paper, the software
Minitab® was used to analyze the DoE.

3. Business Simulation and Methodology

In the following, the conception of the business simulation is explained. The production is grouped in two assembly
areas, one final assembly, and a quality inspection. Fig. 1 shows the setup of the business simulation.

Figure 1: Setup of the business simulation
Six participants are needed to perform the business simulation, including one person per production stage, one at the
final assembly as well as at the final inspection and two logisticians. In addition, five more participants of the research
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team are needed for time measurement. The product to be assembled consists of eight types of components and a total
of 20 components, which are assembled by using push- and sliding connections. Fig. 2 shows a model truck and its
components.

Figure 2: Model truck and components
The production process starts with incoming goods, which are first placed and checked in the storage area. If the materials
are of high quality, they can be processed further. The assembly process begins at assembly area 1. The employee
removes the components for the first assembly step: 1x large plate, 1x small plate and 2x connecting rod from the specific
storage area of the assembly station and joins them together as shown in Figure 3.

Figure 3: Assembly step 1
Between assembly area 1 and assembly area 2 and between assembly area 2 and the final assembly, small temporary
storage areas are located. After completion of the first assembly step, the employee stores the semi-finished product in
the temporary storage. The employee of assembly area 2 can remove the semi-finished product from the storage area and
assemble further components. When collecting the semi-finished products from the small temporary storages the
employees have to follow the “First-in-First-Out” principle. The employee of assembly area 2 needs 2x L-pieces, 4x
axles, 4x tires, and 4x grippers. Two axles must be assembled on each side of the bottom of the plates, which act as a
receptacle for the tires. The grippers are used to attach the truck bed in the following assembly step. For this reason, two
grippers per side are attached to the large plate. The L-shapes are needed to stabilize the cab. Therefore, an L-shape is
placed on each side of the small plate. This step is particularly challenging, because incorrect positioning of, for example,
the grippers or the L-shapes, means that the following components cannot be assembled correctly. The components also
have the property that two components per recess can be assembled. This means that a component can be assembled both
on the top and at the same time on the bottom of the main component. Fig. 4 shows the exploded view of the semifinished product. It is stored between this assembly area and the final assembly.
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Figure 4: Assembly step 2
In the final assembly, the employee assembles the semi-finished product and completes the model truck. For this purpose,
they assemble the driver’s cab and the truck bed on the pre-assembled chassis of production area 2 (see fig. 5). After
completion of the truck, the employee hands it over to final inspection. Finally, the quality employee checks if all
components have been assembled correctly. If the truck is fault-free, it can be passed on to the outgoing goods warehouse.
If there is a quality defect, the truck must be returned to assembly step 2 for rework.

Figure 5: Assembly step 3
After a satisfying final inspection, the goods can be shipped to the customer. The outgoing goods warehouse is equivalent
to the customer’s incoming goods warehouse. Two logisticians manage the warehouse. Depending on the method used,
the administration style varies, which will be explained later in this chapter. This business simulation takes 10 minutes.
During this time the participants are requested to produce as many trucks as possible. To meet the delivery deadline
given by the customer, the first truck has to be finished in two minutes. However, this time is only measured for the first
truck.
In this simulation, the lead time starts with the removal of the first part at assembly area one and ends at the outgoing
goods warehouse. The simulation is conducted in form of a game. A total of sixteen rounds are played, whereby the
methods 5S, Poka Yoke, Kanban, and Standard Work Sheet are applied separately as well as in all possible combinations.
Moreover, a “chaos” round is played, in which none of the methods are used. This approach enables benchmarking and
leads to transparent findings. The “chaos” round had the following characteristics. Firstly, there was no standard of what
the finished product should look like. An exemplary sequence for the different assembly stations was missing, too.
Additionally, more material than required was provided, both in terms of type and quantity. The participants did not
know the production steps and the material needed.
5S is only used in assembly areas one and two. This method is realized with printed pictures of the components used in
the respective department and their optimal assembly sequence, as seen in fig. 6. These printed pictures are called shadow
boards. The shadow boards symbolize where the logisticians should place the materials. Hence, the components are in
direct accessibility of the participants and search times can be reduced. There are no shadow boards in final assembly.
© IEOM Society International

31

International Journal of Industrial Engineering and Operations Management (IJIEOM)
Volume. 2, No. 1, October 2020
In this area, an additional box is arranged, which contains the driver’s cab and the trailer bed. According to the shadow
boards, logisticians fill up materials as soon as one unit is taken from the marked area.

Figure 6: Shadow boards
Poka Yoke was applied by visualizing the connections in color. In detail, assembly points of the materials are marked
by dots in the same color. Thus, the right connection of parts is ensured, and errors can be avoided. In the given business
simulation, the Poka Yoke method focusses on assembly areas one and two. Rods, axes, tires, driver’s cab, and the truck
bed are excluded from markings. The marking of raw materials should be done before the experiment begins. It can also
be recommended to mark the materials in the warehouse.
Kanban implies the reorder and supply of required materials via so-called Kanban cards. For this, each assembly step is
equipped with two boxes. One of these is filled with the needed raw materials and the specified Kanban card. As soon
as the participant removes the first material, they are requested to place the card in the second box. In this way, the
Kanban card functions as a signal for the logisticians to refill raw materials at the specific assembly step. Furthermore,
the Kanban card serves as an information medium, which contains information about the quantity of the required
materials. Consequently, adequate supply should always be ensured. Kanban is applied at all three production stages.
When Standard Work Sheets are used, the process in every department is described and illustrated via pictures. This
supports the employee in easily recreating the process steps displayed on the pictures.
Raw material prices at every station can be used as the calculation basis for the inventory costs at the end of each round.

4. Results

The business simulation was conducted with male and female students studying business administration as well as
industrial engineering and management majoring in production management at the University of Applied Sciences
Koblenz. They were neither familiar with the business simulation nor with the components that were used. To avoid a
learning effect, each round was played with different students. Through a systematic analysis of a serial assembly, the
deployment of lean tools on the assembly was measured and evaluated. Forty-eight rounds (3 replications with 16 rounds
each) were played to achieve a full factorial DoE and to be able to analyze all factor combinations A significance level
of 5% is selected. To evaluate the model quality, the R-squared value is calculated for the model lead time.

4.1 Model “Lead Time”

Currently, there is no recommendation as to which lean method can lead to lower lead time. As part of the experiment,
the KPI lead time per truck was determined, from which an average value can be derived per run. A closer look will
reveal where and with which methods the lowest lead time can be achieved. After a detailed statistical analysis, findings
can be helpful for choosing the optimal lean method to reduce the lead time of a process. The bar chart in figure 7 shows
the position of the reference line of the 5% significance level at 2.037.
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Figure 7: Bar Chart Model „Lead Time“
Altogether the bars of five model terms exceed the reference line and can, therefore, be considered statistically
significant. The strongest impact on lead time can be observed when Poka Yoke is applied. Consequently, Poka Yoke
leads to a significantly shorter lead time when compared to other lean methods. This impact is due to the production
steps being considerably simplified for participants as they are based on color codes. Additional statistically significant
effects can be observed for the interaction of 5S/Poka Yoke and SWS/Kanban/Poka Yoke. The reference line is also
exceeded when 5S is used exclusively or in combination SWS/Kanban/5S. Terms, whose bars don’t exceed the reference
line are not considered statistically significant. They have no impact on the lead time.
When summarizing the overview of the model, an R² of 75.51% is identified, which means that the model accounts for
75.51% of the variation in data. However, the amended R² is crucial for the model quality, which assumes a value of
64.02%.

Figure 8: Bar Chart for factorial Adaptation Model „Lead Time“

4.2 Factorial adaptation Model “Lead Time”

The significant terms are to some extent two or three-factor interaction effects. Consequently, all individual factors
contained in these terms will remain in the model. For example, the threeway interaction effect of SWS/Kanban/Poka
Yoke was statistically significant in the initial analysis. To keep the hierarchy of the model, the terms SWS, Kanban, and
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Poka Yoke, as well as the integration of the specific two-factor-interactions, were not eliminated from the model despite
being insignificant. In this way, the model adaptation requires the interaction of SWS/Kanban, SWS/Poka Yoke, and
Kanban/Poka Yoke to be taken into account. A factorial adaptation exclusively eliminates the combination of
SWS/Kanban/5S/Poka Yoke, Kanban/5S/Poka Yoke, and Kanban/5S/Poka Yoke, as shown in Figure 8.
Once the non-significant terms have been eliminated, the reference line of the five-percent significance level shifts to
2.030. An average increase can be identified for the p-values following the model adaptation. Nevertheless, this will not
lead to any new insights concerning statistical impacts on lead time. The strongest impact still results from applying the
Poka Yoke method.
As a summary of the model, the R-squared is 70.01%. The adjusted R-squared amounts to 59.73%. A deterioration of
R², as well as the corrected R², can be observed in the results of the adjusted model. Since the corrected R² provides
valuable insights into the model quality, a more accurate focus is essential. Therefore the corrected R² considers the
number of variables and reflects the explanatory power of one additional variable. This way the corrected coefficient of
determination decreases by 4.29% following the factorial adaptation.
Main effect diagrams are used to show, which impact the factor levels ”used“ and ”not used“ have on lead time. For this
purpose, the lean methods SWS, Kanban, 5S, and Poka Yoke are used for an individual view in figure 9.
Lead times are shown in days in the main effect diagram and interaction diagram. To achieve a better understanding,
days are converted into minutes in the analysis.

Figure 9: Main Effects Diagram Model „Lead Time"
Within the columns of individual factors, there is a differentiation between the specification ”used“ and ”not used“,
which corresponds either to the application or abandonment of the respective method. The average lead time is at 2:40
minutes and is characterized by the horizontal dashed line. Considering the methods SWS and Kanban, it can be seen
that the same effect occurs. Without the application of the respective method, the lead time is approximately 00:17
minutes higher than the mean. Nearly identical results are achieved when applying both methods in test runs. In both
approach concepts, the lead time is reduced to 2:23 minutes. A closer look at 5S reveals that the lead time lies at 3:05
minutes without the application of 5S, which is above the mean value. By means of 5S, the lead time decreases to 2:16
minutes. Consequently, the effect shown here is considerably larger than the effects of SWS or Kanban. Poka Yoke has
the most pronounced impact on the lead time, which is characterized by a steep incline of the straight line. When using
this method, the lead time drops from 4:48 minutes to 1:32 minutes, which corresponds to a reduction of the lead time
of 3:26 minutes between factor levels. When analyzing main effects, Poka Yoke is considered as the most effective lean
approach under investigation to reduce the lead time.
It turns out, that the interaction of 5S and Poka Yoke is likewise significant. The interaction is shown in Figure 10.
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Figure 10: Interaction Diagram Model „Lead Time“
The 5S method is shown on the x-axis and divided into the characteristics ”used“ and ”not used“. The solid line indicates
that Poka Yoke is not used, while the dashed line indicates that Poka Yoke is used. When neither of the lean methods is
applied, an above-average lead time of 4:48 minutes becomes apparent in the test runs. The application of 5S solely
entails a reduction of the response variable. The lead time is then at 2:51 minutes. This rapid drop is reflected in the steep
incline of the straight line. The sole application of Poka Yoke leads to the lowest lead time of all possible factor
combinations, which is 1:22 minutes. If both lean methods are used simultaneously, this will also affect lead time. In
conclusion, the model adaptation shows that the application of Poka Yoke has the strongest impact on lead time. At least
one lean method should be used. The combination of 5S/Poka Yoke proves to be more effective than the sole application
of 5S.

4.3 Prognosis and target size optimization Model “Lead Time”

After evaluating the data, a forecast was issued. The results show that the combination of 5S and Poka Yoke can achieve
an adjusted mean of approximately 0:52 minutes. The standard error of fitting (SE fit) is about 0:39 minutes. This is the
estimated spread of the estimated mean. Within a confidence interval of 95%, the values are approximately between 0:27 minutes and 2:11 minutes. In this prognosis model, too, the method Poka Yoke can be found in the top 3 results.
The reference round leads to the worst result of the KPI lead time in the forecast. Using process optimization methods
can therefore be considered effective.
Rank
1
2
3
…
16

Table 1: Extract of the forecast values
Methods
Fit
95%-CI*
5S, Poka Yoke
00:52
-00:27; 2:11
Poka Yoke, SWS
00:52
-00:27; 2:11
Kanban, Poka Yoke, SWS
01:13
-00:06; 2:33
…
…
…
Reference round
07:24
06:04; 8:43

95%-PI*²
-02:00; 03:44
-02:00; 03:44
-01:39; 04:06
…
04:31; 10:16

Legend:
*CI = Confidence interval, *2 = prediction interval
The target size optimization was used to find out which set of factors must be made to optimize the target variable. The
combination of 5S and Poka Yoke leads to the best result with a desirability of 0.98648. This is consistent with the
forecast values.
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Figure 11: Target size optimization Model "Lead Time"

4.4 Discussion and Limitations

The findings of the business simulation show, that the use of at least one optimization method is meaningful. The
contemplation of the KPI “lead time” discloses that the usage of Poka Yoke is promising and has the most significant
influence on the average lead time. The strong reduction of the lead time is due to the desired goal of avoiding mistakes.
Therefore, the components and assembly steps within the business simulation were designed foolproof. Due to the
mentioned principles of Poka Yoke, less rework was necessary. Thus, the lead time was not affected by additional time
for troubleshooting. Using Poka Yoke leads to higher success and has a low implementation effort. The colored markings
of Poka Yoke simplify the production process and guarantee participants’ safety, which is regarded as meaningful, too.
Following the target size optimization, the combination of Poka Yoke and 5S leads to the shortest lead time. However,
this does not only affect lead time, but synergy effects on other KPIs can be assumed, too. For instance, Poka Yoke will
also have a strong impact on the KPI “Output”. Because it reduces the lead time, more trucks can be produced at the
same time, the output rises. Thus, a reduction of the lead time allows a higher productivity.
The analysis of the effectivity of optimization methods leads to the conclusion, that Poka Yoke is an influential method
for process optimization. Accordingly, companies must concentrate on the gain of problem-relevant indicators based on
company-specific circumstances. Only because an optimization method is efficient for one company does not mean, that
this efficiency is transferable to production facilities in other companies. The effectiveness of optimization methods can
vary from company to company or especially from industry to industry. Summarizing the business simulation, the
supporting function of the Poka Yoke method, which leads to an increase of key performance indicators, can be
confirmed.
However, it should be considered that experiments cannot be completely isolated from disturbance variables.
Disturbances can be shortcomings in simulation equipment (e.g. detached sticking points for the application of the Poka
Yoke method), assistance by timekeepers or distractions in upstream/ downstream process steps. In consequence, the
result can never be reproduced exactly identically. A different approach of the test persons during the construction of a
truck must also be taken into account. Errors occur, for example, due to different qualifications, skills and the age of the
test persons. Thus, the factor “human” can be determined as a disturbance variable. The students deployed do not
represent a cross-section of society or the real (production) business world. To counteract the aspect of different
qualifications of the participants, only inexperienced test persons from the same study course were asked to carry out the
business simulation. In doing so, learning effects can be excluded in further rounds.

5. Summary and Future Need for Research

The success of a company depends on economic production. Considering the current economic development, companies
are forced to deal with the topic of process optimization. On the other hand, the success of an enterprise is not just down
to a cost-efficient production but relies on the ability to quickly adapt to changing customer needs, too. Failing that or
not responding in time, they don’t stand a chance to compete in the marketplace.
To avoid this, companies can pick from a variety of theoretical approaches that are available in literature. The difficulty
lies in the ability to pick the right method for the organization. Besides, enterprises can only rely on the theoretical
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definition of goals of the individual method as well as the exemplary track record of competing businesses. There are no
reliable statements about the effectiveness of specific methods or different ways of how to make them available.
Furthermore, the subjective assessment from lean experts can be put into consideration. There are no validated statements
about the effectiveness of lean methods or their combination. To take on this problem in this research project, the
following hypotheses were formulated:
“The effectiveness of Poka Yoke can be demonstrated via a developed model in form of a business simulation”.
“The effectiveness of 5S can be demonstrated via a developed model in form of a business simulation”.
“The effectiveness of Kanban can be demonstrated via a developed model in form of a business simulation”.
“The effectiveness of Standard Work Sheet can be demonstrated via a developed model in form of a business simulation”.
The experiment is meant to bridge the gap between theoretical knowledge and hands-on experience. To verify the given
hypotheses, the chosen methods in the business simulation were analyzed and a simulation model was developed for
testing the effects of using these methods. The business simulation model with the chosen methods was tested in fortyeight rounds with new test persons in every round and with different combinations of the four methods. To compare the
effectiveness of the four methods it could be demonstrated that Poka Yoke had the highest influence on the lead time in
assembly. Nevertheless, the main effect diagram showed, that every lean method has a positive impact on the lead time
when used. Consequently, the effectiveness of all deployed lean methods on the lead time was demonstrated through a
business simulation and thereby all hypotheses can be accepted.
However, this result cannot be generalized to other types of production processes. The business simulation within the
model factory reduces the complexity of realistic systems. The illustration of an assembly, as well as the execution with
the model factory, was possible. It has to be considered that a full isolation of potential disturbance is not possible.
Disturbance can be defects on establishments of the business simulation, e.g. detached markings of the components for
the Poka Yoke methods. Therefore, further studies should be realized for a validation of the results. Moreover, other
types of products can be manufactured. Maybe a product with higher complexity will have an impact on the results.
To obtain more scientifically valid results, the business simulation should be run more frequently with new and different
test persons. Furthermore, other KPIs, like the output, or the adherence to delivery dates should be analyzed. The target
size optimization in the software Minitab® can also be used for further analysis. An additional step involves the
validation of results in the industrial application. It is recommended to conduct interviews with experts in enterprises,
who already apply those methods. Another opportunity to verify would be the direct review on the shop floor.
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