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Chapter

Value Stream Mapping: A Method

That Makes the Waste in the
Process Visible

Nuri Ozgur Dogan and Burcu Simsek Yagli

Abstract

Defining customer and value in lean thinking is crucial. All wastes that do not add
value to the customer in business processes should be eliminated. In the real world
and related literature, there are various methods used to eliminate waste and improve
processes. One of the methods frequently used is the value stream mapping (VSM).
VSM is preferred since it enables to take the picture of a process. Moreover, VSM is the
identification of all activities that create and/or do not create value in the processes,
from the supplier of the product or service to the customer. This chapter deals with
lean philosophy, lean techniques and specifically the VSM method. In addition, some
examples of VSM applications in the service and production sectors are discussed and
the findings obtained from these applications are evaluated. Finally, the chapter con-
cludes with some managerial implications as well as potential future research areas.

Keywords: lean thinking, lean techniques, production and service sector,
value stream mapping, waste

1. Introduction

Originating from Toyota production system (TPS), lean production (LP) or lean
manufacturing (LM) has now become a well-known and widely adopted philoso-
phy all over the world. Its first usages were limited with the production industry
and therefore its initial applications emerged in the manufacturing businesses. As
time passes, the service industry has begun to utilize from the LP philosophy and/
or techniques. As the adaptation of lean expanded from production sector to service
sector, its concept transformed from LP to lean thinking (LT).

Historical evolution of the “lean” started with TPS and continued as LP/LM, and
finally became LT. No matter what anyone says, each of these terms indicates the
same concept. Eliminating or at least minimizing the waste (Japanese: muda) ina
system is the basic philosophy of lean and to produce the maximum output by using
minimum resources is the main goal of it. Lean seeks for a system that tries to detract
non-value added things from the processes and bring the value-added things into the
forefront. These efforts become meaningful if the value is defined correctly and the
system is designed and conducted truly. Value must be defined by the customer since
he/she is the end user of the product and/or service. Thus, to give exactly what the
customer wants, businesses must take into consideration the concepts of efficiency
and quality. It is clear that an efficient and quality focused system uses the resources
exactly as needed and produces products and/or services that satisfy the customers.
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Many organizations from production or service sectors implement lean produc-
tion as its main system or apply lean principles partially in its specific activities.
These organizations utilize from LT with the aims of becoming more efficient, more
competitive, and more quality oriented. Furthermore, in recent years LT spread
from a single business to supply chains of multiple businesses. It is possible to say
that LT attracts many businesses and these businesses want to transform into a lean
business. Lean transformation process is an important inflection point for a busi-
ness and it must be carefully initiated, designed and managed. The starting point of
this transformation process is crucial and right method(s) must be used during the
phase. Value stream mapping (VSM), one of the methods of LT, is the most suitable
method that can be used in the first step. VSM is a paper and pencil based method
that focuses on the current state of a process, makes all value and non-value added
activities visible, and proposes a lean future state. VSM is dealt with in this chapter
in a detailed way.

The rest of the chapter is organized as follows. Section 2 focuses on lean philoso-
phy. Lean techniques are examined in Section 3, and VSM is explained in Section 4.
In Section 5, there are VSM examples from the service and production sector for a
better understanding of the subject. Finally, this chapter ends with discussion and
conclusion.

2. Lean philosophy

Businesses should be recognized the importance of customer and value concepts.
Customers do not want features that do not create value in products or services. All
sectors, both product and service sector, should pay attention to this situation in
order to compete with their competitors. This is because customers are not willing
to pay extra for features that do not create value. Value can be categorized into three
types: value added, non-value added and necessary non-value added operations [1].
Value added operations are processes that please the customer and must be in the
process. Necessary non-value added operations are wasteful but necessary. Lastly,
non-value added operations are completely wasteful and must be eliminated.

Lean philosophy is defined by Radnor et al. [2] as “Lean as a management practice
based on the philosophy of continuously improving processes by either increasing customer
value or reducing non-value adding activities (muda), process variation (muva), and
poor work conditions (muri).” As can be seen from the definition, lean philosophy
has emerged within the framework of some elements, especially waste (muda).
Lean production is typically believed to be 7 types of waste [3]. These wastes are
over production, waiting, transportation, over processing, inventory, unnecessary
motions and defects (Figure1).

The importance given to the service sector is increasing day by day. The lean
production mentality continues to be implemented in the service sector. Lean phi-
losophy, both production and service sector value, optimization, quality, standard-
ization and simplification principles are common [4]. However, the wastes defined
as 7 types in lean production are 10 types (Figure 2) in the service sector [5].

If the wastes are eliminated and the costs of waiting in stock are reduced, cus-
tomer satisfaction and related sales will increase. Therefore, the purpose of both
customers, employees and business partners will be achieved through the adoption
of lean philosophy. On the other hand, in order to ensure continuous improvement,
the wastes in the process must be converted to value. Furthermore, due to the rapid
change in customer expectations, it is important to achieve perfection. Thus, Womack
and Jones [6] proposed a The 5 Steps Model to help transform from value to perfection
[7]. Table 1 contains the 5 steps model and explanations of the expressions [6-11].
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Over Production

Waiting Defects
Seven
Wastes
- Unnecessary
Transportation Motions
Over Processing Inventory

Figure 1.
Seven types of waste.

Over Unclear
Production Communication
Waiting/Delay Defects
Varktion T M Duplication
Underutilized Lack of
Employees Customer

Focus

Motion/ Incorrect

Transportation Inventory

Figure 2.
Ten types of waste (service sector).

A number of lean methods are used in the realization of these steps (detailed
descriptions in the next section). JIT and Kaizen, in particular, are the main phi-
losophies in achieving continuous improvement and in reaching perfection [12].
Besides, lean philosophy has many benefits for businesses, employees and custom-
ers. These benefits are, reduced lead time, less rework, financial savings, increased
process understanding, reduced inventory, less process waste, satisfied customer,
standardized processes, improved knowledge management [3, 13].

There are some principles to apply the lean philosophy successfully in a orga-
nization [14]. It is a pyramid with 4P of lean way formed by the Liker’s 4P of the
Toyota way [15]. The 14 principles are represented by 4P [16]: philosophy, process,
people and partner, problem solving (Figure 3).
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The steps Explanations

1. Value Value is the source of the pleasure and needs of the customers who buy the product or
service. It is the starting point of lean philosophy. It is necessary to understand the needs of
the customers, to define the value correctly, and to implement this in all processes

2. Value The value stream is all the activities needed during the generating of the product or service.
stream These activities may be activities that add or do not add value to the product or service.
Additionally, with all activities being seen, wastes that non-value adding will be recognized

3. Flow Continuous flow can be achieved by detecting and eliminating the wastes in the process.
Furthermore, it is necessary to implement this throughout the value chain to ensure full
flow, not just one process

4. Pull The pull system means that production or service will not be commenced without a
customer approval. This is the exact opposite of the push system. Production will be
tailored to the customer in this system. In addition, over production and unnecessary
inventory are prevented by JIT applications

5. Perfection Perfection is the last step that separates value and waste. This step regulates the flow,
ensures the continuity of the flow and initiates the pull system. Perfection is maintained by
continuous improvement. Perfection means that lean thinking is adopted and implemented

Table 1.
The 5 steps model.

Problem Solving
(continious improvement)

People & Partner
(respect, challenge and grow them

Process (eliminate waste)

Philosophy
(long term thinking)

Figure 3.
The 4P of the lean way [10].

Koskela [17] also defined the principles (11 principles) adopted in lean thinking
as Liker [10]. The main theme of the lean principles proposed by the two authors is
similar to that of Womack and Jones [6] in the 5-step model. This theme consists of
defining the value, providing the flow, solving problems with lean techniques and
aiming to reach perfection.

3. Lean techniques
Within the scope of lean thinking, there are numerous methods used to reach

the targets and minimize the wastes. Some of the lean methods for becoming lean
as a system are crucial in the lean systems such as value stream mapping (VSM),
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single minute exchange of dies (SMED), the 5S system, one piece flow, just in time
(JIT), pull system (Kanban), Poka-Yoke, total productive maintenance, Kaizen,
visual controls/management, 5 whys (5N), standardized work, spaghetti diagram,
DMAIC, PDCA and so on [12] and they will be briefly described in this section.

3.1 Single minute exchange of dies (SMED)

SMED method is developed by Shingo in the 1950s and later perfected by Toyota over
the years [18]. SMED has become the best practice to simplify and reduce the time spent
on set up. Time is very important in lean systems and is not expected to be wasted. That’s
why, this method has an important place in lean techniques. Thanks to SMED method,
changeover time is reduced from hours to minutes. In simple terms, it is attempted to
decrease the preparation time on a machine or any process to less than 10 minutes [12].
Perhaps the best example of the application of this method is automobile racings.

Set up times is separated as internal and external. The activities performed by
stopping the machine are called the internal set up time, while the activities carried
out around the machine without stopping the activity are called external set up time
[19]. In this point, some of the internal tasks may need to be converted to external
tasks without stopping the machine [20]. Thus, continuous flow can be achieved
and processes become faster and more efficient. With the improvements in internal
set up time, labor savings are achieved and the downtimes of the machine decrease.
Moreover, improvements to external set up times do not have a direct impact on
stopping time, but may give operators the freedom to take time for other activities.

3.2 The 5S system

The 5S system is a visual communication technique that enables the working area to
be well organized [11]. It also helps to reduce waste in the working area through general
cleaning. This method is preferred when it is aimed to ensure cleanliness and orga-
nized workplace layout, to improve processes, to ensure transparency and to rise up
employee satisfaction. Five Japanese words, starting with the letter S, are used to create
this method. These words are seiri-sort, seiton-straighten, seiso-shine, seiketsu-standardize
and shitsuke-sustain [13]. Buesa [21] stated that some experts add two new terms are
safety and security. Lastly, with the implementation of the 5S cycle, it is possible to
change the working environment with low costs. Moreover, employees respect to their
organizations and themselves, and inventory and material costs are decreased.

3.3 One piece flow

By the one-piece flow technique, it is intended to move a single piece at a time
between operations. The one-piece flow method takes into account factors such as
sorting jobs, calculating installation time, and determining job shop production
policy [19]. Therefore, these factors need to be examined during production plan-
ning. Planning a production according to one-piece flow is an important component
of lean production strategy. The installation time, the stock levels and the delivery
time are directly affected by the lot size. In view of these situations, it is very impor-
tant to be an agile business to respond to customer needs without creating inventory
[12]. This can be achieved by reducing the lot size in lean production.

3.4 Justin time (JIT)

The just in time philosophy adopted by Toyota is a system that regulates the stock
level and optimizes the flow of materials. According to the JIT production strategy,
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what is needed is produced in the desired amount and time [22]. In this concept, the
production of more than the amount needed and stocking are considered as waste.
Thus, wastes in processes are eliminated by using the JIT philosophy. Furthermore,
the quality-related problems are easily identified thanks to the low level of inven-
tory. In addition to these advantages, JIT offers businesses the flexibility and speed
required to keep up with global competition.

3.5 Pull system/Kanban

In lean thinking, workflows are usually applied with the pull system. The pull
system is defined as the system by which the customer decides to start produc-
tion or service [23]. In this system, since the production is started when there is
demand, the wastes like excess inventory and overproduction is prevented. In
addition, the companies that decide to implement the pull system must fulfill
their customer demands within a certain time frame. For this purpose, it is inevi-
table to use Kanban cards. Kanban cards is a Japanese term given to cards used
to control the flow in the process such as inventory control [19]. Additionally,
control of the variations in demand and production can be provided with
Kanban cards [24].

3.6 Poka-Yoke

A Japanese word, Poka-Yoke, means mistake proofing and error avoidance [25].
In this way, errors are detected at the source and prevented from passing to the
next step. The basic principle of the technique is to reduce the cost by reducing the
number of defective parts that can occur during the production process to zero [26].
Poka-Yoke is preferred for quality at the source. Moreover, the Andon technique,
which consists of lights that make it appear when errors occur, are also used.

3.7 Total productive maintenance

Lean systems attach importance to continuous flows. The businesses want to
avoid as much as possible the failures and machine errors that may occur during the
process. For this reason, total productive maintenance (TPM) technique, should
be implemented as routine preventive maintenance with the participation of all
employees. TPM is an approach that requires the participation of all the employees
within the daily production activities, which also brings the necessity of the main-
tenance of the equipment that it works on, prevents the errors and maximizes the
efficiency of the equipment [27]. However, it is necessary to provide interdepart-
mental trainings to employees for this maintenance.

3.8 Kaizen

The main philosophy of lean system is the adoption of continuous flow and
improvement. All other lean methods try to achieve this philosophy to perfec-
tion [28]. Kaizen, based on the concept of continuity, is a process improvement
program that will never end. In order to make improvements in the existing
production system and to find solutions to the problems identified, employees
from different disciplines must come together in the Kaizen activities. In this
meeting, wastes are defined and attempts are made to prevent the occurrence of
other wastes. Lastly, the main basis of continuous improvement is undoubtedly
the fact that top management believes the lean philosophy and provides full sup-
port to employees.
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3.9 Spaghetti diagram

The spaghetti diagram is the visualization of the movement and transportation
of the product or service in the value stream [29]. Employees can collect the data
via this method [13]. Because the movements of products and services are clearly
visible with this activity. Thus, the wastes during the flow can be easily determined.
Besides, the problem determination and solution suggestions for eliminating non
value added work steps and distances can be collected with the help of the opinions
of the employees.

3.10 Whys (5N)

The 5N method is briefly the process of defining and writing specific problems.
As it is understood from this definition, it is questioned why the problems arise and
their answers are written under the determined problem. If the answer is not the
root cause of the problem [13, 30], the evaluators will continue to ask until the root
cause is determined. In the 5N method, it is tried to eliminate the wastes by asking
the questions of the cause and the reason causing this problem [31]. In this way, the
root of the problem is determined and solved not to occur again.

3.11 Standardized work

The standardization of works and processes has been developed based on the
kaizen philosophy [32]. In order to ensure continuous flow, it is necessary to repeat
the processes with the same quality every time. By using the standardized work
method for repetitive tasks, employees will be trained in the steps of the processes
according to the predetermined standards, which will allow quality improvement.
Moreover, as employees know exactly what to do, their work satisfaction and
motivation increase.

3.12 Visual controls/management

Visual control is a method based on organizing the working area so that
management and workers can understand whether there is something going
wrong in a way. The use of visual control method wherever the process takes place
and its adoption can be evaluated as visual management. By using simple visual
schemes, the communication between the employees becomes clear and the areas
of responsibility of the employees can be determined by ground lines. In this
way, processes can be viewed visually, employees are not forced and errors are
prevented.

3.13 DMAIC and PDCA cycle

DMAIC and PDCA are cycles that monitor and examine business processes from
start to finish. DMAIC (define-measure-analyze-improve-control) is an integral
part of the six sigma method. This method is a systematic and result oriented. If
there is flexibility during the processes, the most effective results can be obtained
from this method. In addition, steps that do not add value are eliminated [33].

The PDCA (plan-do-check-act) cycle was first developed by Shewhart [12]. This
method is more effective than the philosophy of doing it right the first time. Because,
by using the PDCA cycle, better improvement methods are sought [33]. PDCA cycle
consist of for stages: planning for improvement, doing improvement actions, check-
ing the implications of improvement actions, and making effective permanent actions
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Classification Lean tools & methods

Assessment Value stream mapping, 5 Whys (5N), A3, Ishikawa
diagram, process mapping, Gemba walking

Improvement 5S’s, spaghetti diagram, continuous flow, Kaizen,
pull system/Kanban, one-piece-flow, Poka-yoke,
team approach to problem solving, workload
balancing, Andon, Jidoka, process redesign,
Heijunka, physical work setting redesign,

standardized work
Monitoring Visual control
Assessment/improvement/monitoring DMAIC (define-measure-analyze-improve-control),

PDCA (plan-do-check-action)

Table 2.
Lean tools and methods and their classifications [35].

toward improvement. In these methods, precise measurements of product and
process variability are made. In addition, all processes focus on statistical
control [34].

Thanks to these lean tools and methods, to adopt the lean philosophy becomes
easier; at the same time the philosophy is ensured to become permanent. These
techniques are also thought to eliminate waste in production and service processes.
Moreover, the lean methods are divided into three categories by Radnor et al. [2] as
assessment, improvement and monitoring. In addition, these methods that fre-
quently preferred in the literature are classified by Costa and Filho [35] the frame of
three categories (Table 2).

VSM is the most important and most widely used method. In addition, since
VSM forms the main framework of this chapter, it is examined in more detail in the
next section.

4. Value stream mapping

As aresult of increasing interest in lean thinking, executives strive to transform
their processes into a lean system. Lean techniques help ensure the lean in processes.
One of the commonly applied lean methods is the value stream mapping (VSM)
method introduced by Rother and Shook [36].

VSM is a demonstration of whole activities that value added and non-value
added in processes by using a pen and paper [36]. VSM; a technique that helps
determine and understand the resource and information flow of a product or
service throughout the process. It is desirable to eliminate the wastes in the value
stream in this method [29].

The aim of the method is to identify activities that non-value added to the prod-
uct or service in the eyes of the customer and to improve the process by eliminating
the wastes. The steps of the VSM method created to accomplish this aim are shown
in Figure 4 [36-38]:

The first step in VSM is the selection of product family with common features
or similar processes to avoid complexity. Then, the current state map showing the
current process is drawn. What is important here is that the entire process from
supplier to customer is included in the map. In the third step, the situations neces-
sary for the development of the process that is dealt with the future state map are
mapped. The color of the third step is different because VSM has no meaning if
improvements are not recommended after the current state map [36]. In the last
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Preparation &
Product Family

Current State Map

Future State Map

Work Plan &
Implementation

Figure 4.
The value stream mapping process.

step, based on the elements identified on the map, it is discussed and applied what
needs to be done, how much time is needed, who should take responsibility in each
field and what the expected outcome from each activity is.

Standard symbols are accepted for demonstrating material flow, information
flow and general information in VSM [23]. Some icons representing these symbols
are provided in Figure 5.

The use of the VSM method has several advantages. Advantages of VSM method
are listed below [18, 39]:

* ensures that the examined process is handled from beginning to end
* provides visuality thanks to symbolic representation

* procure the identification of the resources causing waste during the process.

shows the relationship between information flow and material flow

includes different application steps and implementation plan for continuous
improvement

In addition, VSM method determines the system’s takt time, lead time and
cycle times. In this way, the result of improvements in the future state map can be
revealed. The terms here are briefly defined (see [19, 40]):

o Takt time is the speed at which goods or services must be produced to meet
customer demand. Takt time is calculated by dividing the daily total production
time by daily customer demand.
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FIFO
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Production Kanban
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i R— Timeline Summary Timeline
Planning/Control Kanban Kanban Post

Figure 5.
Value stream mapping icons.

* Lead time (in days) is calculated by dividing the number of inventories
between the processing steps into the daily demand.

* Cycle time is expressed as the maximum time spent on a unit in each station.
Cycle time is calculated with a simple formula: 1/output rate per hour in units.

5. Sector specific applications of VSM

For a better understanding of the subject, it will be useful to support the VSM
method with examples. In line with this purpose, two examples, one of them from
service sector and other from production sector are given.

5.1 Service sector example

The first example is from the service sector. The graduation, specifically the
exmatriculation process of university students is selected. As aforementioned earlier
in this chapter, the first stage of the VSM method is the identification of the prod-
uct/service family. Here; the exmatriculation process of a university is determined as
the product family. Then, the current situation of the flow in this process is observed
and the current state map (CSM) is created (Figure 6). As seen in Figure 6, there
are 12 steps in this process. The flow starts with “transcript control” step and ends
with “completion of process”. In this map, various wastes stand out. For instance,
unnecessary motions (meeting with advisor step), defects (meeting with advisor
step), over processing (paper-work and head of department steps), waiting (head
of department and filling out the survey steps), and inventory between processes
(between department secretary and filling out the survey steps). A future state map
(FSM) is drawn in order to eliminate these wastes (Figure 7). The first suggestion
is that, student information system should be used actively. Moreover, various lean
methods are proposed to eliminate the wastes generated during the processes. These
lean methods are 5S, Poka-Yoke, quality at the source, kaizen, balanced work flow,

10
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Figure 6.
Current state mayp (service sector).
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| 2 min | I 20 min | I 3 min 20 min 30 min | 15 min 3 min | 5 min | |

Total Time= 276,5 min
(CTHAWT)= 4,61 h

Figure 7.
Future state map (service sector).

standardized work, SMED, inventory reduction and visual controls. If the CSM
(Figure 6) and FSM (Figure 7) are compared simultaneously, it is possible to see the
wastes and how to eliminate them. As a result, while continuous flow is achieved,
the total time is reduced from 363.5 to 276.5 minutes. This indicates an improvement
of 0.24% in the process. In addition, resources are used efficiently and customer

(student) satisfaction is ensured.

5.2 Production sector example

For the production sector application, a furniture factory is chosen. One of the
sofa model (model A) produced in the furniture company is examined under VSM
method (this example is derived from study of Dogan and Take1 [41]). Model A
is now the product family of this example. As the second stage of VSM, the steps

11
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Current state map (production sector).
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Figure 9.
Future state map (production sector).

in the production phase of Model A are focused. The current state map (CSM)
demonstrating this process is shown in Figure 8. There are eight production

steps in CSM (Figure 8). Production flow starts with “crocking” and ends with
“packaging”. When the current state map is analyzed, it is seen that the total time
is 1.49 days and the processing time is 594 seconds. By drawing the CSM, some
problems have emerged in the production area. The main problems are as follows:
intermediate inventories between the processes; unbalanced workload; time losses
due to the inadequate supply of the material and time losses cause quality errors
(average 9.62%); time losses due to layout problem, unnecessary transportation
and deficiencies like material identification. Then, to eliminate the problems iden-
tified with the CSM, a future state map (FSM) is drawn (Figure 9). In the FSM,
the Kanban system is established, the pull system is applied to prevent accumu-
lated intermediate inventories between the processes and the material transfer is

12
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controlled by FIFO. In addition, Yamazumi is proposed for balancing the workload
and minimizing the quality errors and establishment of the Kanban system makes
it possible to prevent time losses in production due to the lack of timely supply of
the materials. Finally, it may be preferable to use 5S and physical work redesign in
order to prevent the time losses due to the layout problem and the deficiencies in
the material identification. Analysis of the production process of model A by VSM
method showed that continuous flow is achieved; a decrease of approximately 53%
in the total time, a decrease of 30% in the processing time and a 36% improvement
in the quality error rate. As in the example of the service sector, when the CSM
(Figure 8) and FSM (Figure 9) for production process of model A are examined
simultaneously, the wastes, errors, defects and at the same time, improvements in
the processes can be clearly seen.

6. Discussion

Lean thinking is the general framework of the implementation of the lean phi-
losophy in the production and service sectors [42]. As stated by Womack and Jones
[8] “lean thinking is lean because it provides a way to do more and more with less and
less—less human effort, less equipment, less time, and less space—while coming closer
and closer to providing customers with exactly what they want.” LT is an endless process
and implementation of continuous improvement. For continuous improvement,
researchers and professionals prefer various lean methods like VSM, 5S, SMED,
balanced work flow, standardized work etc. The primary purpose of these methods
is to eliminate waste and ensure continuous flow.

Value stream mapping is one of the most preferred methods in literature. This
is the mapping of the whole process. Mapping the stages of a process, will assist to
discover the opportunities for improvement and prevent the loss of time and money
of stakeholders [43]. VSM applications, with the aim of eliminating waste are not
restricted to a single business; it can also be applied to the supply chain by focusing
on all the steps from the first supplier to the end customer. The essence of the matter
is that, VSM can be effectively used in all processes if a product or service flow exists.

7. Conclusion

This chapter has focused on lean philosophy and lean methods, especially the
VSM. The motive for the detailed examination of the VSM method is that VSM
is the first step to overcome how the lean production will be applied. The reason
why this method is first preferred is that the whole operation is seen as a holistic
approach, and at the same time, it proposes a prescription to eliminate errors and/
or wastes. On the other hand, like many other methods, this method has also some
limitations. Mapping complex systems with VSM can sometimes be difficult. At this
point, large wastes or resources of wastes may be unnoticed. This can be a major
problem in VSM, whose main goal is revealing and eliminating waste. Moreover,
rather than using the VSM method alone, using with other lean methods will
increase the reliability and efficiency of the results. To overcome these weaknesses,
itis recommended to benefit from other methods together with the VSM method.
For instance, theory of constraints, flowcharts, artificial intelligence and simulation
are some of the methods that can be used with VSM.
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